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INTRODUCTION. 


0/ the  Mt^chanico-Chenikai  Sci^nm. 


UNDER  the  title  of  Mechftiuco-ChGniicfllSciPHces* 
I  include  the  laws  of  Mapnetifim.  Etectricity, 
Galvauij^ni,  uiid  ll^t?  utlier  cJasses  of  phenomena 
closely  rtlated  to  tlit-se,  as  Tliemio-electricity.  This 
^roup  of  subjects  forma  a  curious  and  interesting 
portion  of  our  physical  knawletlp^e;  and  not  the 
least  of  thd  circumstances  which  give  them  thofr 
interest  is  tliat  double  boarin]yr  upon  inechaniaLt 
and  chemical  principles,  which  their  name  is  in- 
tended to  imply.  Indeed,  at  first  sight  they  appear 
to  be  purely  Mechanical  Sciences;  the  attractions 
and  repulsions,  the  pressure  auil  motion^  which 
occur  in  these  cases,  are  referrible  to  mechanical 
conceptions  and  laws,  as  completely  as  the  wei;:jht 
or  fall  of  terrestrial  bodies,  or  the  motion  of  the 
moon  and  plant-ts.  And  if  the  phenomena  of  mag- 
netism and  electricity  had  directed  us  only  to  such 
laws,  tlie  corresponding  scietices  must  have  been 
arranged  as  branches  of  mechanics.  But  we  find 
that  ml  the  other  side,  tlu'sc  phuuoititma  have  laws 
and  buariiigs  of  a  kjnd  altogether  different-  Mag- 
netism is  associated  with  Electricity  by  its  mecha- 
nical analogies;  and,  more  recently,  has  been 
discovered  to  be  still  more  cb«yly  eunucctod  with 
It  by  physical  influence:  electric  is  identitied  with 
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galvanic  agency  ;  but  in  galvanism,  dccom position, 
or  6ome  action  of  that  kind,  uiiivcrEall}r  appears; 
and  (hrsp  appearancrs  l^ad  tc»  very  geiicnil  laws. 
Now  composition  an*!  decomposition  are  the  sub- 
jects of  Chcmistr}';  and  thns  wc  find  that  wc  are 
insensibly  but  irresistibly  led  into  the  domain  of 
that  science.  The  highest  generalizations  to  whrrh 
we  can  look,  in  advancing  from  the  eleniontJiry 
facta  of  electricity  and  galvanism,  must  involve 
chemical  notions;  we  must  therefore,  in  laying  out 
the  platform  of  these  sciences,  make  provision  for 
that  convergence  of  mechanical  and  chemical  theory, 
which  they  are  to  exhibit  as  we  ascend, 

Wg  mu.^t  begin,  however,  with  stating  the  me- 
chanical phenomena  of  these  sciences,  and  the 
rc<luction  of  such  phenomena  to  laws.  In  this  point 
of  view,  the  phenomena  of  which  we  have  to  speak 
are  those  in  which  bodies  exhibit  attractioiifi  and 
repulsions,  peculiarly  determined  by  their  nature 
and  circumstances;  as  the  magnet  and  a  piece  of 
amber  when  rubbed.  Such  results  are  altogether 
different  from  the  universal  attraction  whieh,  ac- 
cording to  Newton's  discovery,  prevails  among  all 
particles  of  rnattor,  and  to  which  cosmical  pheno- 
mena are  owing.  But  yet  the  difference  of  these 
special  attractions  and  of  cosmical  attractitm,  wa.s 
at  first  so  far  from  being  recognized,  that  the  only 
way  in  which  men  could  be  led  to  conceive  or 
assent  to  an  action  of  one  body  upon  another  at  a 
distance,  in  cosmical  cases,  was  by  likening  it  tn 
nia^ietic  attraction,  as  wp  have  seen  in  the  history 
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of  Phjcacal  Astronomy,  And  we  shall,  in  the  first 
part  of  our  account,  not  dwell  much  upon  the 
peculiar  eondittoQs  under  which  bodies  aru  mag- 
netic or  electric,  sioce  these  conditions  are  not 
readily  reducible  to  mechanical  laws;  but,  taking 
the  magnetic  or  electric  character  for  granted,  we 
sliaU  trace  Its  eHl-cts. 

The  habit  of  considering  magnetic  action  as  the 
tjrpe  or  general  case  of  attractive  and  repulsive 
agency,  explains  the  early  writers  having  spokeu  of 
electricity  as  a  kind  of  ma^ictigui.  Thus  Gilbert, 
ia  his  hook  De  Aiagnete  (1600),  has  a  chapter'. 
De  coitiom  Magneticd,  pHmuvique  de  Sucdtii  at- 
tnictione^  sivn  venit^  <:orjMJi'um  ad  Succinam  appli- 
Cftliotw.  The  maniter  in  which  he  speaks,  shows 
us  how  mysterious  the  fact  of  attraction  then  ap- 
peared; so  that*  as  he  says,  ''the  mag^iet  and 
amber  were  called  in  aid  by  phOosopliers  ss  iilus- 
trati^Jiis,  when  our  sen^o  is  in  the  dark  in  abstruse 
inquiries,  and  when  our  reason  can  go  no  further." 
Gilbert  speaks  of  these  phenomena  like  a  genuine 
inductive  philosopher,  reproving"  those  who  Irefore 
him  had  "stuffbd  tlie  lM)ciksclicrs"  sliops  by  copying 
from  one  another  extravagiint  stories  concerning 
the  attraction  of  magnets  and  amber,  without  giving 
any  reason  from  e\})cr]ment/'  He  huiiself  makos 
some  important  stops  in  the  subject.  He  distin- 
guishes magnetic  from  electric  forces^  and  is  the 
inventor  of  the  latter  name,  derived  from  ^Ae^t/w^ 
^r4roih   amber.      He   observes   rightly,   that   the 

'  Lib.  n.(ap.2,         '  Dt- M^i^HeU\i,,4H.  '  lb.  p.^X 
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electric  force  attracts  all  light  bodies,  while  the 
rifl^'iietic  Wco  attrat'ts  iron  ouiv:  and  hu  iIcvibi'j* 
a  satisfactory  ajiparatus  bv  which  this  U  shown. 
lie  ^ves"  a  considerable  list  of  bodies  which  possess 
the  electric  property;  "Not  oidj  amber  and  agnate 
attract  small  hodioE,  as  Eomc  think,  but  di:imoudt 
sapphire,  carbmu^le,  opal,  amethyst,  liristol  gem, 
beryl,  crystal,  glass,  glass  of  antimony,  spar  of 
various  kinds,  sulphur,  mastic,  sealing-wax/'  and 
other  substances  which  he  mentions-  EveEi  liis  spe- 
culations on  the  general  laws  oF  these  phenomena, 
though  vapi&  and  erroneous,  as  at  that  period  was 
unavoidahle,  do  him  no  discredit  when  compared 
with  tlie  doctrines  of  his  sncccssors  a  century  and 
a  half  afUrwanls.  But  such  speculations  belong 
to  a  succeeding  part  of  this  history. 

In  treating  of  these  Sciences,  I  will  speak  of 
Electricity  in  ih:  first  place;  although  it  is  thus 
separated  by  the  interposition  of  Magnetism  from 
the  succeeding  subjects  (Galvanism,  kc.)  with  which 
its  alliance  seems,  at  Rrst  sight,  the  closest,  and 
B-lthough  some  general  notions  of  the  laws  of  mag- 
nets were  obtained  at  an  earlier  [leriod  than  a 
knowledge  of  the  corresponding  relations  of  electric 
phenomena:  for  the  theory  of  electric  attraction 
and  repul^iion  is  somt-what  moVc  simple  than  of 
magnetic;  was,  in  fact,  thr  first  obtained;  and  was 
of  use  in  suggesting  and  confirming  the  generaliza- 
tion of  magnetic  laws. 


CHAPTER  L 


DracoviiRY  vF  Laws  of  Electric  Piienomexa. 


WE  hav(?  already  seen  what  was  tlit?  state  of 
this  bnukdi  oi'  kTiowtn!g;e  at  tht;  begiunlug 
of  the  seveDteeath  ceuturv,  and  the  advances  made 
by  Gilbert.  We  must  now  notice  the  additions 
which  it  aiilj«j'iu(!ntl_v  receivcJ,  anil  cspeciiilly  those 
which  led  li>  the  dhu^mtfry  uf  ^cnerul  laws,  and  tlie 
cstaMi&hment  of  the  theory;  eveots  of  this  kind 
heing  those  of  which  we  have  nior'i  j>oculiarIy  tt> 
trace  the  coaditions  and  caiLsefi.  Amotig  the  fact^ 
tvbtch  we  have  thus  espeeially  to  attend  tu,  are  the 
rUn^iric  atlraetions  of  aniall  bodies  by  amber  and 
other  substances  when  rubbed.  Boyle,  who  re- 
peated and  extended  the  experiments  of  Oill»ert 
thK-s  not  ai»|jear  to  have  urriv*.'d  at  any  new  ^lUTiii 
notions;  but  Otto  Gnerieke  of  Magdeburg,  about 
the  same  time,  made  a  very  material  step,  by  dis- 
wjvering  that  tliere  was  an  electric  force  of  re[ml- 
5ion  as  well  as  of  attraction.  He  found  that  wlien 
ll^obe  of  fiulphnr  had  attracted  a  feather,  it  atter- 
rds  rcpuUcd  it,  till  the  feather  had  been  in  contact 
^Mdi  some  other  budy.  This,  when  vcrific-d  under 
tt  due  generality  of  circumstances  forms  a  rapjtal 
fact  in  our  present  subject,  llawkesbee,  wlio  wrote 
ill    I7ifii  {Physir/t-Mvrhmnral  I^J.rperlmentSt)  alsii 


10 


iilSTORV  OF  ELECTRICITY, 


obflcrved  various  of  the  pffocts  of  iLltraction  and 
rrpulsinn  upon  threads  hangJDg  IoospIj.  But  the 
porsoji  uho  appears  to  have  first  fully  seized  the 
general  law  of  these  farts,  is'Dufey,  whose  experi- 
mcnta  appear  iu  the  Memoirs  of  the  Frcneb  Aca- 
demy, 1111733,  17:H,  and  1737'-  "I  discovered;" 
he  says,  "  a  very  simple  principle,  which  accounts 
for  a  great  part  of  the  Irregularities,  and.  if  I  may 
UPG  tlie  term,  thy  capriees  that  seem  to  aecoDH>any 
most  of  the  experiments  in  electricity.  This  prin- 
ciple is,  that  electric  bodies  attract  all  those  that 
are  not  so,  and  repel  tliem  as  soon  as  they  are 
lieeome  electric  l»y  the  vicinity  or  contact  of  the 
electric  hody  .  ,  .  ,  Upon  applying  this  principle 
to  various  experiments  of  electricity,  any  one  will 
be  Burprixed  at  the  number  of  obscure  and  puz- 
zling fictfi  which  it  clears  up."  By  the  help  of 
this  principle,  he  endea-vonrs  to  cxplam  several  of 
Hawkesbee's  esperiments. 

A  little  anterior  to  Dufay's  oxperimentfi  were 
those  of  Grey,  who^  in  17*20,  discovered  tin?  pro- 
perties of  rotidftt^fors.  He  found  that  the  attraction 
and  repulsion  which  appear  in  electric  bodies  are 
exhibited  also  by  other  bodies  in  contact  with  the 
electric.  In  this  manner  he  found  that  an  ivory 
ball,  connected  with  a  gh^s  tube  by  a  stirk,  a  wire, 
or  ft  packthread,  attracted  and  repelled  a  feather, 
as  the  ^lass  itself  would  havt-  done.     He  was  then 

'  PrwetJciy'fl  ItUtvr^  of  Electricity,  p.  A&,  uul  tbu  AlcQKHn 
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kd  to  try  to  extend  this  communication  to  consi- 
derable distanoerv  first  by  asceiidin|:^  to  an  njiper 
window  atid  hiLTiging  down  his  ball,  and,  afterwards, 
by  carrying  the  atrhig  horizontally  supported  on 
loops.  As  his  fluccess  was  complete  in  the  former 
case,  he  was  perplexed  by  failure  in  the  latter; 
but  when  be  supportod  thi?  string  by  loops  of  Bilk 
instead  of  hempen  cords,  he  found  it  again  become 
a  conductor  of  electricity.  This  he  ascril^ed  at  first 
to  tbe  smaller  thickness  of  the  silk,  wbieh  did  not 

•y  off  so  much  of  the  electric  virtue;  but  from 
this  evplanation  he  was  again  driven,  by  finding- 
that  wires  of  brass  still  thinner  than  the  silk  de- 
stroyed the  effect.  Thus  Grey  perceived  that  the 
efficacy  of  the  support  depended  oti  its  being  silk, 
and  he  soon  found  other  substances  wbicb  answered 
the  same  purpose.  The  difference,  in  fact,  depended 
on  the  supporting  substance  being  electric,  and 
therefore  not  ilsclf  a  conductor:  for  it  soon  ap- 
peared from  such  c^pcrimouts,  and  especially'  from 
those  made  hy  Dufay.  thai  substances  might  be 
divided  into  dectrics  per  se.  and  ■ttmi-cJerJrirg^  or 
ttnuiit^fo'r!*^  Tlicse  t<?rms  were  introduced  hy  De^ 
ssignlicrs\  and  gave  a  pcTmanent  currency  to  the 
residts  of  the  labours  of  Grey  and  others. 

Another  very  important  discovery  belonging  to 
this  jKjriod  is.  that  of  tho  two  kinds  of  electricity, 
Thii*  also  was  made  by  Dufay.  "  Chance  "  says  he, 
"  has  tlirowii  m  my  way  another  principle  morp 

■  Mem.  Acad,  Par.  1734,  '  Pfk^rtli-y,  p.  m. 
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uaiviT^al  and  rciiiLLrkaLle  than  the  precf^din^  one, 
ami  wl:ieh  L'iLsts  a.  unw  light  upon  the  suhjoft  of 
elo{:tricit)'.  The  principle  is,  that  there  are  two 
distinct  kinds  of  eJectricitv,  very  diiferent  frojn  one 
another ;  one  of  which  I  call  titreom,  the  other 
rt^itwiit^,  olcctricit^H  Thu  first  is  thut  of  glaes, 
gems,  hair,  wwU  ^^-'^  the  second  is  that  of  amher, 
gum  lac,  silk,  -ic.  The  chaTacteristlc  of  these  two 
electricities  is,  that  thev  repel  themselves  and  at- 
traet  eacli  other."  This  discovery  dol^s  not,  how- 
ever, appear  to  have  ilraftii  so  much  attcntiou  as 
it  deserved.  Il  was  published  in  1735  i  (in  the 
Memoirs  of  the  Academv  yv/r  1733;)  acd  yet  in 
1 747»  Franklin  and  his  friwuds  ni  PhJIiididphia* 
who  had  becrL  .supplied  with  dfetrleal  apparatus 
and  information  by  persons  in  England  well  ae- 
(|uainted  with  the  then  prest-nt  state  of  the  subject, 
ijiiagined  that  they  wore  making  observations  un- 
known to  European  science,  when  they  were  led  to 
assert  two  conditions  of  bodies,  which  were  in  fact 
tliu  opjiobitEf  electricities  of  DuJflv,  thou^li  the 
Ameriwiu  osperiineuters  referred  them  t(j  a  single 
clement,  of  which  electrized  hodica  might  have 
either  excess  or  defect.  ''Heuce,"  Franklin  says, 
'•have  arisen  some  iif^w  terms  among  us:  wo  say 
B."  who  receives  a  spark  from  glass,  '^and  bodies 
in  like  circumstaners,  is  electrized  j/os'lthdii;  A," 
who  communicates  his  electricity  to  glass,  ^neija- 
firch/;  or  rather  B  is  electrized  pl//s,  A  iai/ius.^' 
Dr.    (alii-Twanls  Sir  William)  Watsim  had,  about 
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the  flamo  tinip.  arrived  at  the  samo  cnnchmiuuf*, 
wliich  he  pxpressGs  hy  sjiying  that  tltc*  dcctriHty  rjf 
A  WHS  more  rare,  and  tliat  nf  B  m^re  dennc.  than 
it  naturall;*'  woulii  havL-  bcon*.  Bnt  that  tvhich 
gave  tlio  itiain  Imjirirtanci?  to  this  doctrine  was  iU 
Application  to  sonit?  ni-markable  experimonts,  of 
which  ya.'  must  now  speak. 

Electric  action  rs  accomfianicfl,  in  many  cases, 
hy  light  and  a  crackling  sound.  Otto  Gucricke'  oli- 
ficrvcs  that  his  tiulphur-globt\  when  ruhbod  h\  a 
il&rk  place,  gave  faint  Hashes,  such  ai^  take  plac<> 
when  sugar  is  crushed.  And  shortly  after,  a  light 
was  observed  at  the  surface  of  the  mei-cury  in  the 
liarcimtiter,  when  shaken,  wbieh  was  explained  at 
first  by  Hernoulli^  en  the  then  prevalent  Cartesian 
principles;  but,  afterwards,  more  truly  by  llawkcs- 
bec  as  an  electrical  pheuoraenon.  Wall,  in  1708, 
found  sparkw  prtidueed  by  rubbintj  amlwr,  and 
Uawkesltec  obsorvi.'d  tlie  light  and  the  aritr/f^njiff,  as 
he  calls  it,  under  various  modifications.  But  the 
olectric  spark  from  a  living  body,  which,  as'Priest- 
juy  says\  '*  makes  a  |jrineipal  part  of  the  diversion 
of  gentlemen  and  latUcB  who  come  to  sec  experi- 
ments in  electricity,"  was  first  observed  hy  Du&y 
and  the  Abbe  Nollet  NoNet  says"  be  "shall  never 
forget  the  surpri/A'  whJch  the  first  electric  spark 
ever  drawn  from  the  Imninn  body  excited*  both  in 

■  PriMtley,  p-ll'' 

*  Bxj'^'f"t^ta  MagMurgica^  IG72,lib.  iv  mp,  !£,       •  P.  p.47- 
"  Prirttlcy,  p,  47,     Niilli't,  i-*fOHj  lit  Pti^tique,  v.jL  vt^  p.  •UlQ- 
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M.  Dutav  and  hi  himself/"  The  drawing  ot'n  spark' 
from  the  human  body  was  practised  ia  various 
forme,  one  of  whioh  w3r  familiarlj  known  a§  the 
"electrical  kiss."  Other  oxliibitions  of  ck+ctrical 
light  were  the  electrical  star,  electrical  mii,  and 
the  like. 

As  electricians  determined  more  exactly  the 
conditions  of  electrical  action,  they  succeeded  in 
rendering  more  intense  those  sudden  actions  which 
the  spark  accompanies,  and  thus  produced  the 
electric  tshork^  This  was  especially  dnnu  in  the 
Leydeii  phial.  Thij^  apparatus  n^ceived  its  name, 
while  the  discovery  of  its  property  was  attributed 
to  Cunams.  a  native  of  Leyden,  who»  in  174C,  hand- 
ling a  vessel  containinj^  water  in  communication 
with  the  electrical  inachinQ,  ami  happening  thus  to 
bring  the  inside  and  the  outside  into  connexion, 
received  a  sudden  shock  in  his  arms  and  breast.  It 
appears,  however\  that  a  shock  had  been  received 
under  nearly  the  same  circumstances  in  1745,  by 
Von  Kleist,  a  German  prelate,  at  Camin.  in  Pome- 
rania.  The  strangeness  of  this  occurrence,  and  the 
fiuddencss  of  the  blow,  much  esaj^eratod  the  esti- 
mfttp  which  men  formed  of  its  torce.  Muschen- 
broek,  after  taking  one  shock,  declared  he  would 
not  take  a  second  for  the  kingdom  of  Franco; 
though  Boice,  uith  a  more  lungnauimoiis  spirit, 
wished^  that  ho  might  die  hy  such  a  t^lroke,  and 
have  tiio  circumstances  of  the  experiment  recorded 
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in  tho  Memoirs  of  the  AcadeDij.    But  we  m&y  ^anilv 
iniagmo  ivhut  a  new  fjimi;  and  intcrtii^t  this  di^^cuvery 

ro  to  Ihc  subject  of  electricity.  It  was  repeated 
tn  all  parts  of  tbe  world,  with  various  modifications: 

d  the  shock  was  passed  through  a  lint?  of  se\Gral 
persotw  holdjntf  hands;  Nollet,  in  the  presence  of 
l\w  king  of  France,  sent  it  tlirough  a  circle  of  1*^(1 
mea  of  the  guards,  and  along  a  line  of  men  and 
tnres  of  iKJO  toiees'";  and  experinieiits  of  the  same 
kiuil  were  niade  id  England,  principally  under  the 
dircetioD  of  Watson,  on  a  scale  so  large  as  to  excite 
tlie  admiration  of  Mufichenhroek :  who  says,  in  a 
letter  to  Watson,  "  Ma^^nifieentis.'-imis  tui?^  experi- 
meiitis  superast^  eonntus  omnium."  The  result  was, 
lliatt^e  transmission  of  electricity  through  a  length 
of  12.rKl0  feet  was,  to  sec^,  instantaneous. 

The  essential  circumstances  of  the  electric  ehock 
«wre  gradually  unravellefl.  Watson  found  that  it 
did  not  increase  in  proportion  either  to  the  contents 
cf  the  pliial  or  tbe  size  of  the  p;lobe  by  which  tbe 
deetrieity  was  excited;  that  the  outside  eoatin^;  of 
the  glass  (which,  in  the  fir^t  form  of  the  experiment. 
was  only  a  film  of  watcr.J  and  its  contents,  might  be 
varied  in  different  ways.  To  Franklin  is  due  the 
merit  of  clearly  pointing  out  most  of  the  circum- 
stances un  which  the  efficacy  of  the  Leyden  phial 
depends.  He  showed,  in  1747'\  that  the  inside  of 
the  bottle  is  clectriiced  positively,  the  outside  nega- 
lively ;    and   that  the   shock   is  produced    hy  the 

'-  Firtliur,  V.  512.  '*  Utters^  p.  11 
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restoratiou  of  the  i^<|uUibnum.  when  the  outsulo 
and  inside  are  brought  iiito  commiiiii cation  sud- 
denly. But  in  tirdcr  to  coiupleto  this  dispovcrj,  it 
reniaiiiocl  to  bo  shown  that  th(*  electric  matter  was 
collected  entirely  at  the  surrace  of  the  glass,  and 
that  the  opposite  electricities  on  the  two  opi>osito 
Kidi's  of  tlie  j,da-*^K  wom  iiceuinuhited  l»y  their  mutual 
attmcti[>n-  Momiu*r  thf  voui}OT>r  discovered  tliat 
tho  electricity  which  bodies  can  receive,  depends 
upon  their  surface  rather  than  their  mass«  and 
Franklin  ^''  soon  found  that  "  the  whole  force  of  tho 
bottle,  and  power  of  giving  a  shock,  is  in  the  glass 
itself."  This  they  proved  by  decanting  the  water 
out  of  an  electrized  into  another  bottle,  when  it 
apjieared  that  the  second  bottle  did  not  become 
electric,  hnt  the  first  remained  mo.  Thua  it  was 
found  "'that  the  non-electrics,  in  contact  with  the 
glass,  served  only  to  unite  the  force  of  the  several 
parts/' 

So  far  an  the  effect  of  the  coating  of  the  Lejdeu 
phial  is  concerned,  this  was  satisfactory  and  com- 
plete; ])ut  Franklin  was  not  erjually  siicoes^^ful  iti 
tracing  the  action  of  the  electric  matter  upon  itselt 
in  virtue  of  which  it  is  accumulated  in  the  phial; 
indeei  he  appears  to  have  ascribed  the  effect  to 
some  property  of  the  glass.  The  mode  of  describing 
this  action  varied,  accordinffly  afi  two  electric  ^^wsV/^ 
were  supposed,  (with  Diifay.)  or  one,  which  was  tlit' 
view  taken  by  Franklin,    On  this  latter  5=uppoBition 
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the  jjarts  of  tlit'  ^-'Itctric  Huld  repel  each  other,  and 
the  excess  in  one  surfEiee  of  the  glass  expels  thii 
fluid  from  the  othpr  surface.  This  kind  of  action, 
howevpr.  cane  into  niut-h  clearer  view  in  the  eKpe- 
riuientjs  of  CnntoD,  Wileke,  and  ^plnus.  It  was 
principally  manifested  in  the  attractions  and  re|>ul> 
sions  whicli  objects  exert  when  tlie^  are  in  th^' 
iieighlioiirhood  of  elet^trixed  bodies;  or  in  the  flt't:- 
trittti  titifioy/f/wix.  using  the  phrfiseology  of  the 
thne.  At  present  we  say  that  bodies  are  electrized 
Atf  InJfiHion,  when  tbey  are  thus  made  electric  by 
the  electric  attniction  and  repulsion  of  other  bodies. 
Canton's  experiments  were  communicated  to  the 
Royal  Society  in  1753,  and  show  that  the  electricity 
on  each  body  acts  upon  the  electricity  of  another 
body,  at  a  distance,  with  a  r(^|)ulsivp  cnt^rgy.  Wilcke, 
in  like  manner,  showed  that  jwirts  of  n  on -electrics, 
plunged  in  electric  atmospheres,  acquire  an  elec- 
tricity opposite  to  that  of  such  atmospheres.  And 
«Kpiniis  devised  a  method  of  c-saminiiig  the  nature 
of  the  cU-etricity  at  any  part  of  the  surface  of  a 
body,  by  means  of  which  he  ascertained  its  distri- 
bution, and  found  that  it  a^''reed  with  such  a  law  of 
Aelf-re pulsion.  His  attempt  to  give  uiathematk-al 
precision  to  this  induction  was  one  of  the  most 
imj>ortant  steps  towards  electrical  theory,  and  must 
be  spoken  uf  sliortly,  in  that  point  of  view.  But  in 
the  mean  time  we  luay  observe,  that  this  <loctrine 
wad  applied  to  the  explaLLattou  of  the  [^>yden  jar; 
and  the  explanation  wa^^  confirmed  by  charging  a 
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pJatf^  i>t'  air.  aod  obtaining  a  shock  iVoni  it,  iti  a 
maaner  which  llie  theory  pointed  out. 

Deforo  we  jirocceii  to  th*!  history  of  the  theory, 
wo  must  mention  some  other  of  the  hiws  of  pJieno- 
mena  which  were  noticed,  and  which  tht'ory  waa 
expected  to  exjilain.  Amonjf  the  most  celebrated 
of  thef^e,  wt^rt^  tlir  cHiTt  <if  sbarp  points  in  conJuc- 
tors,  and  the  phenomena  of  eli'utririty  in  the  atmo- 
sphere. The  former  of  these  circumstances  waa  one 
or  the  tirst  which  Franklin  observed  as  rcmavkable. 
It  was  found  that  the  points  of  ni'edh^s  and  the  lite 
tjirow  off  ami  dntw  off  the  electric  virtue ;  thus  a 
bodkin,  directed  towards  an  electrii^cti  ball,  at  si\  or 
eight  inches  distance,  destroyed  its  electric  action. 
The  latter  ftuhject,  involving  the  consideration  of 
thunder  auH  ligiitning,  and  of  many  other  meteor- 
ological phenomena,  excited  great  interest.  The 
comparison  of  the  electric  spark  to  lightning  had 
very  early  lieen  nmde;  hut  it  wjifi  only  when  thp 
discharge  had  heeri  reudererl  more  ])owrrt'ut  ii^  the 
Leyden  jar,  that  the  comparison  of  the  effects  be- 
came very  plausible.  Franklin,  about  1750,  had 
offered  a  few  somewhat  vaf^ue  conjectures '=^  respect- 
ing the  existence  of  electricity  in  the  clouds,  hut  it 
was  not  till  Wilcke  and  .^^Ipinus  had  obtained  clear 
notions  of  the  ettect  of  electric  matter  at  a  distance, 
that  the  real  cr>ndiu*jn  of  the  clouds  could  he  well 
understood,  in  \7Cy2.  however",  D'Alibard,  and 
other  French  philosophers,  were  desirous  of  verify- 

i"  Letter  V.  •'  VnnkWa.  |u  107, 
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ing  Frantlin  s  conjecture  of  the  aiiaioffy  of  tImndtT 
aud  electricity,  Tliis  they  did  liy  ertjcting  a  pointed 
iron  md,  forty  fei^t  high,  iit  Marli ;  the  rod  was 
fotiikd  capable  of  giving  out  electrical  sparks  when 
a  thunder-cloud  (lassed  over  the  place.  This  was 
repeated  in  ^'arinus  ynTis  of  Europe,  acd  Franklin 
Bu^^r^tod  that  a  cniu  muni  cation  with  the  clouds 
miglit  \w  formed  b_v  ni^^ans  of  a  kite.  By  these,  aud 
sbnilar  meaiLs.  the  electricity  of  the  atmosphere  was 
studied  by  Canton  in  ETiglaiid.  Ma/tas  in  France, 
Beeearia  in  Italy,  and  others  elsewhere.  These 
essays  soon  led  to  a  fatal  accident,  the  death  of 
Itiehman  at  Petersburg,  while  he  was,  on  Aug-  6tb, 
iri>^»  ohscrvinff  the  electricity  collected  from  an 
;if>[>roaHii[ig  thnndrr-cloud,  by  means  of  a  rod  which 
hi'  calh'd  an  elcctrieal  gnomon  ■  n  gJohe  of  blue  fire 
wa*  aeen  to  leap  from  the  rod  to  the  head  of  the 
ttidbrtunateprofessor,  who  was  thus  struck  dead  (a). 

It  is  not  here  neeessary  to  trace  the  stndy  of 
atmoi^pheric  electricity  any  further:  and  wt-  must 
ROW  endeavour  to  see  how^  these  phenomena  and 
bwfi  of  y>henomena  wliich  we  have  related,  were 
frorked  up  into  canF^istcnt  theories;  for  though 
many  experiniontal  observations  and  measures  were 
made  after  this  time,  they  were  guidei!  by  the  theory, 
uid  may  be  considered  as  having'  rather  dischar^d 
the  office  of  contirmin^  than  of  su;*gesting  it. 

We  may  observe  also  that  we  have  now  de- 
-icribed  the  period  of  most  estcnsive  activity  and 
iritcrest  in  electrical  researches.     These  natnrally 
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occurred  while  the  general  notions  and  lawn  of  the 
phcnoniona  were  becoming,  and  were  not  yet  be- 
come, fixed  and  dear.  At  such  a  period,  a  large 
and  popular  circle  of  spectators  and  amateurs  feet 
themselves  nearly  upon  a  level,  in  the  value  of 
their  trials  and  speculations,  with  more  profound 
thinkers :  at  a  later  period,  when  the  subject  is 
become  a  science,  that  is,  a  study  in  which  ail  must 
be  M\  far  behitid  who  da  not  come  to  it  with  disci- 
plined, informed,  and  logical  minds,  the  cultivators 
are  far  more  few,  and  tlie  shout  of  applause  less 
tumultiLitUH  and  less  loud.  We  may  add,  too,  tliat 
the  exprrimurits,  whit-ii  are  the  most  striking  to  the 
senses,  lose  nnioh  of  fh^iir  im press! vcnea*  with  their 
novelty.  Electricity,  to  be  now  studied  rightly, 
must  be  reasoned  upon  mathematically;  how  slowly 
such  a  mode  of  study  mak<}s  its  way,  wc  shall  see  in 
the  progress  of  the  theory,  w^hlch  wc  must  now  pro- 
ceed to  i^arrate  (b). 
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The  FituiiKEms  r>F  Ki.elteuuae,  TubioKy. 


THE  cause  of  electrical  phenomeua,  jind  the 
mode  oF  its  operation,  wi^n-  Jiaturally  at  first 
T^pokeri  of  in  an  indistinct  and  wav^Ting  manner. 
Jt  was  called  the  electric  Jfra,  the  electric  fluid; 
it5  i^flbcts  wer<'  attributed  io  Ttrtju'i'^  'Jff'if'nu  <itmv- 
^tluTt'S^  Wlieii  meo's  mechanical  idi/as  liecame 
somewhat  more  distinct,  the  motions  an<l  tenden- 
cies to  motion  were  ascribed  to  evrre'nts^  in  the 
£ame  manner  as  the  cosmical  motions  bad  been  in 
the  C*artesian  i^^sttm.  ThiB  doctrine  of  currente 
was  m^iLtruned  by  Nollct,  who  ascribi'd  all  the 
phenomena  of  eleotrized  bodies  to  the  contempora- 
neous affiux  and  efHux  of  electrical  matter  It  wa« 
an  inifirntant  f;l*^p  towards  siiund  theory,  to  get 
rid  of  this  notion  nf  moving  fluids,  and  to  consider 
attraction  and  repulsion  as  statical  forces «  and  this 
appears  to  have  been  done  by  others  about  the 
£ame  time.  Uiifay^  considered  that  he  had  proved 
the  existence  of  two  electricities,  the  vitreous  and 
the  resinous  and  conceived  each  of  the,se  to  be  a 
fluid  which  repelled  its  own  parts  and  attracted 
those  of  the  ritber:  thif*  is.  in  laet,  thf  outline  of 
the  theory  which  recently  has  been  considure*!  as 
the  best  establi.^hed ;  but  from  various  causes  it 
'  Ac.  Pnr.  I7:i:^|i,-Hi7^ 
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was  not  at  once,  or  at  least  not  geaerailv  adopted. 
The  liyputJiesis  of  tlie  excess  and  defect  of  a.  wngle 
fluid  is  capable  of  being  so  treated  as  to  give  the 
same  results  with  the  hypothesis  of  two  opposite 
fluids,  and  hapjiened  to  cbtaJn  the  preference  for 
sonit?  time.  We  have  already  seen  that  this  hypo- 
thesis, uccording  to  which  eU'ctric  phenomena  arose 
from  the  excess  and  defect  of  a  generally  dilfuscd 
fluid,  suggested  itself  to  Watson  and  Frankiiu 
about  1747.  Watson  found  that  when  an  electric 
body  was  excited,  the  electricity  woa  ni>t  created, 
but  coLectcd;  and  Franklin  held,  that  when  the 
T^eydeu  jar  was  charged,  the  quantity  of  electricity 
was  unaltered,  though  its  distribution  was  changed. 
Syintner'  maintained  the  existence  of  two  fluids; 
and  Cigna  supplied  the  main  defect  which  belonged 
to  this  tenet  in  tbe  way  in  which  Dufay  held  it, 
by  showing  tjiat  the  two  opposite  electricities  were 
iiyuHlly  produced  at  the  same  time.  Still  the  ap- 
parent simplicity  of  tht?  hypothesis  of  one  fluid 
procured  it  many  supporters.  It  was  that  which 
FrankHn  adopted,  in  his  explanation  of  the  Lcyden 
e?(periiiient ;  anil  though,  atler  the  first  conception  of 
an  electrical  charge  as  a  disturbance  of  equilibrium. 
there  was  nothing  iti  tbe  developement  or  details 
of  Franklin's  views  which  deserved  to  wiu  for  them 
any  peculiar  authority,  his  re}iutation.  aiul  hi^  skill 
aa  a  wTiter,  gave  a  considerable  influence  to  his 
opinions.     Indeed,  for  a  time  ho  was  considered. 
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urvrn  lui^'  purt  of  Imit^-i*,  us  the  creator  of  tht? 
«cier>ce.  and  tli*?  t^rms^  FrunkUnhm.  Frtmkfutiff^ 
^'ranJcihiiiiff  y^f^U^/K  occrur  in  aluiiist  every  pagu  of 
(■uiitim-ntrtl  |iLtljlii:.i.lii>n.s  mi  tliL-  !iiilijt^t;t  Vet  the 
clcclrica!  phenomena  to  the  kmiwlcdge  of  wliiHi 
Frankliii  addi.iI  leftist,  tlioj^e  of  induction,  werethiisc 
hy  which  the  progress  <if  the  tht-urj  was  most  pro- 
moUn],  The«e>  as  n^o  have  already  said,  were  at 
ftrel  explained  b_y  the  hypothesis  of  electrical  almo- 
i^ihereA,  Lord  Mahon  wrote  a  treatise.  In  whieh 
tbL^  liy|iotUe-si$  v^a^  ni;LthematLcally  treated;  yet 
ihe  Iijfc  jiothesi^  was  very  untenable,  for  it  would  not 
arctjuiil  for  the  mo»t  obvious  cases  of  induction, 
such  as  the  Leydcn  jar,  except  the  atmosphere  was 
«ipjH».«pd  to  penetrate  glass. 

The  pheiumieuaof  electricity  by  inductioii.  when 
liwHy  tousiidered  by  a  person  of  clear  iiotiouii  of 
iht-  relations  of  apace  and  force,  were  seen  to  ac- 
nintmodate  themselves  very  geueraJly  to  tlic  con- 
cpptiou  intnjduced  by  Dufay* ;  of  two  electricities 
ttich  repelling  itself  and  attraetuig  the  other.  If 
we  suppose  that  iUvn-  i,s  only  one  rtuid^  which 
repels  iLMdfand  attracts  all  other  matter,  we  obtain. 
ill  mnny  cases,  the  same  geuend  results  us  if  we 
?Lnpposc  two  fluids;  tliiLS.  if  an  electrized  body, 
tnercharp^'d  with  the  single  fluid,  act  upon  a  fialL 
it  ilrives  the  electric  fluid  iu  the  ball  to  the  further 
ude  by  its  repulsimu  und  then  atlraets  tlie  hall 
hs  attructitig  the  matter  mi»re  tliau  it  re}>elK  tlie 
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fluid.  If  m-  su}i[H)fie  two  fluids,  the  positively 
elentriKed  liodv  draws  Ihp  nt^gative  fluid  to  the 
nearer  side  of  the  balJ,  repels  the  positive  fluid  to 
the  opposite  side,  aud  attracts  the  bait  on  the  whole, 
becaut^e  the  attracted  fluid  is  nearer  than  that 
which  18  rcpeli(*iL  Tho  vtirifieation  of  either  of 
thcftp  hjj>t>thcws»  and  the  detenniuatJoii  of  their 
details,  depended  necessarily  upon  experiment  and 
calculation.  It  was  uoder  the  hypothesis  of  a  single 
fluid  that  this  trial  was  first  properly  made.  .Epinus 
of  Petersburg  published,  in  175!*.  his  Teviaintn 
Thi'fyf^ioe  FAi'Ctr'iCitiitis  ft  Mftgnedsmi  ,■  in  whioh  he 
traces  mathematical I_v  the  eotise({uences  of  the  hy- 
pothesis of  an  i^ecLrie  fluid,  attracting  afl  other 
rantten  but  n>pelling  itself;  the  law  of  force  of  this 
repulsion  and  attraction  he  did  not  pretend  to 
asRLjrn  precisely,  confining  himself  to  the  supposi- 
tion that  thr  nmtiial  force  of  the  particles  increasea 
34)  the  distUTicc  decrc-isrs.  Bnt  it  was  found,  that 
in  order  to  make  this  theory  tenable,  an  additional 
supposition  was  re^juired,  namely,  that  the  particles 
of  bodies  repel  each  other  as  much  as  they  attract 
the  electric  fluid\  For  if  two  bodies,  a  and  n,  be 
in  their  natural  electrical  condition,  they  neither 
attract  nor  repel  each  other.  Kow,  in  this  case, 
the  fluid  in  A  Jitlratits  the  matter  in  li  and  ri'pels 
the  fluid  in  U  with  equal  energy,  and  thus  no  teu- 
dency  to  motion  results  from  tfio  fluid  in  A;  and 
if  we  further  suppose  that  the  wntif^r  in  A  attracts 
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tho  rttiid  in  H  anil  vtju'ls  the  mattvi'  in  B  with  c<.|niil 
energy,  we  havo  the  rt^sultitip;  mutual  inactivitv  of 
th^  two  bodies  eAplaiiied;  but  without  thp  (attor 
stipposition,  thcF€'  would  be  a  mutual  nttrnctinn : 
or  ^e  may  pTit  the  proof  more  simply  thus;  two 
oegativelv  clectrJzeiJ  l>odies  repel  each  other;  if 
negative  electrizatkm  were  merely  the  abstraction 
of  thr  fluid  whit^h  ij.  tho  repulsive  clement,  this 
result  L-;iuld  ntit  follow  esoept  there  were  a  repul- 
non  in  the  bodies  themselves,  independent  of  the 
fluid-  And  thus  yKpinus  found  himself  compelled 
lo  assume  this  mutual  repulsion  of  materiul  par- 
liclrs;  he  harl,  ie  fact,  the  alternative  of  this  sup- 
position, or  that  of  two  fluids,  to  choose  between, 
for  the  mathematical  results  of  both  hypotheses  are 
the  saini^.  Wilcke,  a  Swede,  who  had  at  first  »&- 
fprted  and  w(»rked  out  the  £pinian  theory  id  its 
if^ual  form,  afterwards  inclined  to  the  opinion 
of  Synimer;  and  Coulomb,  when,  at  a  later  period, 
lie  ewnfirnjed  the  theory  by  his  experimenth  and 
detenuined  the  law  of  fort^e,  did  not  hesitate  to 
]>n-fer*  the  theory  of  two  fluids^  "  because,"  he  saya, 
"U  appears  to  me  contradictory  to  admit  at  the 
onic  lime,  in  the  particles  of  bodies,  an  attractive 
fnrcv  in  \\\*'  inverse  ratir*  of  t]ii>  s*|uares  of  the  dis- 
lanivs,  whii^li  is  ilemtmr^trateJ  by  unlverr^al  gravi- 
tation, and  a  repulsive  force  in  the  same  inverse 
ratio  of  the  squares  of  the  distances;  a  force  which 
Hmild  uoei^ssarily  be  inhiiitcly  ^al  relatively  t*j 
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tln'  R^tifin  or  gravitatioD."  We  may  add,  that  hy 
forcing  us  upon  this  doctrine  of  tho  universal  re- 
puUioQ  of  matter,  the  theory  <»f  a  single  fluiU  seems 
quite  to  lose  that  superiorily  in  the  way  of  sim- 
plicity which  ha<l  originally  been  its  principal  re- 
commendation. 

The  mathematical  results  of  the  supposition  of 
^pinus,  whit'h  aro»  as  Coulomb  ohtiervra',  the  snmo 
as  of  tliat  of  the  two  tluids«  were  traced  by  the 
author  himselt  in  the  work  referred  to,  and  shown 
to  agree,  in  a  great  number  of  cases,  with  the  ob- 
served fiicts  of  electrical  induction,  attraction,  and 
repulsion.  Appan-ntly  this  work  did  not  make  its 
way  vory  rapidly  tlirouijh  Kurope ;  for  In  1771, 
Henry  Cavendish  stated"  the  same  hypothesis  in  a 
paper  read  before  the  Royal  Society;  which  he 
prefaces  by  saying,  "Since  I  first  wrote  the  follow- 
ing paper,  I  find  that  tbia  way  of  acoouittiiig  for 
the  phenomena  of  electricity  is  not  new.  ;Epinus, 
in  his  Tf'iitamen  Tltr.oria^  ElfciricitalU  vt  Matjtit^ 
tmni,  has  made  use  of  the  same  or  nearly  the  same 
hypothesis  that  I  have:  and  the  conclusions  he 
draws  from  it  ap-ee  nearly  with  mine  as  far  as  he 
goes." 

The  confirmation  of  the  theory  was,  of  uourse, 
to  hi:  found  in  the  agreement  of  its  resnlttt  with 
experiment;  and  in  particular,  in  the  facts  of  elec- 
trical mduction.  attraction,  and  repulsion,  which 
suggested  the  theory,     -Epinus  showed  that  such 

'  Ar.  p.  iTfiB.  p.  ^m-  ■   Phif   '/-rfflw.  1771,  *nl.  W. 
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4  coiifiriuiition  appeared  in  a  uumtier  of  the  iiiuHt 

trbvious  cases;  auJ  lo  thrw\  Cavcinlish  added  others, 

wlueh,  though  not  oLvinus,  were  of  such  a  nature  that 

the  calculations,  in  general  difficult  or  impossible, 

could  in  these  instances  be  easily  performed;  as.  (or 

exaiiipli:.  ease«  m  whicb  thi^rc  are  plates  or  globus 

at  the  two  estroniities  of  a  long  wire.      In  all  those 

Chscs  of  electrical  action,  the  theory  was  justified. 

But  in  order  to  ^ve  it  full  couiinnation,  it  was  to 

he  considerifd  whether  any  other  facts,  not  iiume- 

diatcly  assumed  in  the  foundation  of  the  theory. 

were  explained  by  it;  a  circumstance  which,  as  we 

hzre  fieen.  gave  the  Biial  stomp  of  truth  to  the 

th(>orius  of  astronomy  and  optics.     Now  we  appear 

Uf  liave  such  wnfirmation.  in  the  effect  of  point*:. 

and  in  the  phenomena  of  the  electrical  discharge. 

The  theory  of  neither  of  these  was  iully  understood 

by  Cavendish*  but  he  made  an  approach  to  the 

true  view  of  thrm.     If  one  part  of  a  conducting 

\v*\y  be  a  sphere  of  smiill  radius,  the  electric  fluid 

upon  the  surface  of  this  sphere  will,  it  appears  by 

calculation,  be  more  dense,  and  lend  to  escape  more 

energetically.  \n  jirojiortiou  as  the  radium  of  tbp 

m^hpre  is  smaller;  imd.  therefore,  if  we  consider  a 

point  as  part  of  the  surfece  of  a  sphere  of  iinper- 

ccptitde  radiu}^.  it  follows  from  the  theory  that  the 

4-lfbrt  of  the  fluid  to  esca|H!  at  tliat  place  will  be 

CDormoue;  m  that  i(  may  e^isily  be  supposed  Ut  ovor- 

lomv  the  resisting  lauscs.     And  the  ihscliargc  may 

W  e\|daitieil  in  ni'^irly  th*'  same  manner;  for  when 
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a  conductor  is  brought  nearer  and  nearer  to  a1 
electrized  liody.  tlie  opposite  electricity  is  more  and 
njorc  jiceuimilattjil  by  attraction  im  the  side  next 
to  the  elcetrized  body  ;  its  tensioTi  }>econies  greater 
by  the  increase  of  its  quantity  and  the  diininutiou 
of  the  distance,  and  at  last  it  is  too  strong  to  be 
contained,  and  leaps  twit  in  the  form  of  a  sparli, 

Tht'  light,  mmnd,  .'Lnd  mechanical  eHects  pro- 
duced by  the  electric  discliarge,  made  the  eiectric 
fluid  to  be  not  merely  considered  as  a  mathematical 
hypothesis,  useftil  for  reducing  phenomena  to  for- 
mula?, (as  for  a  long  time  the  magnetic  fluid  was.)  but 
caused  it  to  be  at  once  and  imiversally  accepted  as 
a  physical  reality,  of  which  we  leani  the  existence 
by  the  common  use  of  tlie  senses,  and  of  \vhich 
ineafiures  and  calculations  aro  only  wauted  to  teach 
us  the  Laws. 

The  applications  of  the  theory  of  electricity 
which  I  have  principally  considered  above,  are 
those  which  belong  to  conductors,  in  which  the 
electric  fluid  is  perfectly  moveable,  and  can  take 
that  distribution  which  the  forces  require-  In  non- 
conducting or  electric  bodies,  the  conditions  to 
which  the  fluid  is  subject  are  less  easy  to  deter- 
mine;  but  by  sup|>osing  that  the  fluid  moves  with 
fp-eat  difficulty  among  the  particles  of  mich  bodies, 
- — that  nevertheless  it  may  be  disloclf^ed  and  accu- 
mulated iu  parts  of  the  surface  of  such  bodies,  by 
&ietion  and  other  modes  of  excitement,  and  that 
the  earth  is  an  inexhauslible  reservoir  of  electric 
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matter,— tho  principal  facts  of  exrit?Ltloii  and  the 
like  receive?  a  tult-rably  satiyfa(?U»ry  t^xplanntion. 

The  theory  of  vEpinus,  however,  still  required  to 
have  the  law  of  action  of  the  particles  of  the  fluid 
delermiiieJ.  If  we  were  la  call  to  mind  how  mo- 
mentous an  event  iu  phydeal  astmnomj^  was  the 
determination  of  the  law  of  the  cosmicul  forces,  the 
inverse  square  of  the  distance,  and  were  to  suppose 
the  importance  and  difficulty  of  the  analogous  step 
in  thi^  ease  to  \)c  of  the  same  kind,  this  would  be  to 
mistake  the  condition,  of  science  at  that  time.  The 
leading  idea,  the  conception  of  the  possibility  of  ex- 
plaining natural  phenomena  by  means  of  the  action 
of  forces,  on  ri^'orously  meehanical  princiideK,  had 
already  been  promulgiittd  by  NL'wton,  and  was, 
&om  the  first,  seen  to  be  peculiarly  applicable  to 
electrical  phenomena;  so  that  the  very  material 
step  of  clearly  pr<>posing  the  j>roblRm.  often  more 
important  than  the  sohition  of  it,  had  already  been 
made.  Moreover  the  confirmation  of  the  truth  of  the 
a^Nunied  cause  in  the  astronomical  ea.se  depended 
on  taking  the  right  law ;  biU  the  oleetrical  theory 
could  be  confirmed,  in  a  fjeneral  manner  at  least, 
without  this  restriction.  Still  it  was  an  important 
discovery  that  the  law  of  the  inverse  square  pre- 
vailed in  thi'se  as  well  ith  in  ousmical  attractions. 

it  was  impussible  not  to  conjecture  beforehand 
that  it  would  be  so.  Cavendish  had  professed  in 
h'lF.  ealeulations  not  to  take  the  exponent  of  the 
iuverMc  power,  on  which  the  force  depended,  to  be 
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slrictly  2.  but  to  leave  it  indeterminate  hetween  I 
and  'S\  but  in  bis  ap[ilicattoiii4  of  his  results,  Iil^ 
oh-viouMy  iiK'lmefi  to  the  ^sumption  that  it  is  2. 
Experimenters  tried  to  establish  this  in  various 
ways.  Bobison'.  in  17ij&»  bad  already  proved  that 
the  law  of  fotfi^  is  very  miarly  or  e^iactly  the  inverse 
Hj|iijipr;  and  JMaypr'"*  had  discovered,  but  not  pub- 
lished, the  same  result.  Tbe  clear  and  satii^t'actory 
establishmeut  of  this  truth  is  due  to  Coulomb,  and 
was  one  of  the  first  steps  m  his  important  series  of 
researches  on  this  siibjeet.  In  his  Hrst  paper'^  \n 
the  Memoirs  of  the  Academy  for  1785,  he  proves 
this  biw  for  small  globes :  in  his  second  Memoir  he 
show!4  it  tn  hn  true  for  ^IoIk?h  one  and  two  feet  in 
diameter.  His  iTiveution  of  the  tordon-imfanc^, 
which  measures  very  small  forces  with  great  cer- 
tainly and  exactness,  enabled  him  to  set  this  ques- 
tinn  at  rest  for  ever. 

The  law  of  fr»ree  l»eing  determined  for  the  par- 
ticles of  the  electric  fluids,  it  now  came  to  be  the 
business  of  tbe  experimenter  and  the  matbonia- 
tician  to  compare  the  results  of  the  theory  in  detail 
with  those  of  experiniental  measiires.  Couiomh 
undertook  both  portions  of  the  task.  He  examined 
the  electricity  of  portions  of  bodies  by  means  of 
a  little  disk  (ids  fftmji^ut  pfim'')  which  he  applied 
to  them  and  then  removed,  and  which  thns  acted 
as  a  sort  of  electric  taster.     liis  numerical  results, 

•  ff'nr**,  W.  !>.  68.  '"  Tfittg.  Unh.  art.  Ctmloab,  by  Biotn 

"  M^m    A  P.  17^1,  pp.  ftfill.  57B. 
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{Iho  intensity  being  still  nn^asiirud  hy  IIk^  torsion- 
balance,)  aro.  thp  tundaTiii?ritai  tacts  of  the  theory  of 
the  electrical  tiuid.  Without  entering  into  detail, 
we  may  ob.^rve  that  he  found  the  electricity  to  he 
entirely  collpcted  at  the  surface  of  ctrHhictora, 
(whioh  Bcctraria  Imd  before  shown  to  Ijc  the  cnse,J 
Ami  that  he  examined  and  recorded  the  electric 
intensity  at  the  surtace  of  globes,  cylinders,  aud 
oUier  conducting  bodies,  placed  within  each  otlicr's 
iutlucuce  in  various  ways. 

The  mathematical  cah^ulation  cf  the  distribution 
of  two  fluids,  all  the  particles  of  which  attract  and 
repel  each  other  acuordiu^^  to  the  above  law.  was  a 
_  problf^m  of  no  ordinary  ditticulty ;  as  may  easily  be 
^■iitugined,  when  it  is  recollected  that  the  attraction 
and  repulsion  determine  the  distribution,  and  the 
difttribution  reciprocally  determines  the  attraction 
aod  repulsion.  The  problem  was  af  tlie  same  tm- 
ture  as  that  of  the  tigure  of  the  earth;  and  its 
rigorous  solution  was  beyond  the  powers  of  the 
analysis  of  Coulomb's  tinie>  He  obtained,  however, 
approximate  solutions  with  much  ingenuity;  For 
instance,  in  a  case  in  which  it  was  obvious  that  the 
electric  fluid  would  be  most  accumulated  at  and 
near  the  equator  ef  a  certain  upliorc,  \m  caleulati'd 
the  action  of  tht?  sphere  on  two  suppositions:  first, 
that  the  tiuid  was  all  collected  precisely  at  the 
equator:  and  next,  that  it  was  uniformly  difliised 
over  the  surface;  and  lie  then  assumed  the  actual 
case  to  be  intermediate  between  these  two.  By  such 
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artJficos  he  was  ahlu  tn  show  that  llip  results  of  hU 
ex|n?rinicnts  and  oi'  his  calculations  gave  an  agree- 
ment sufficiently  near  to  entitle  him  to  consider  the 
theory  as  established  on  a  solid  tiasis. 

ThuJi,  at  this  period,  niathfTniitics  was  behind 
experiment;  and  a  problem  was  proposed,  in  whieh 
theoretical  numerical  results  were  wanted  lor  com- 
parison with  observation,  but  could  not  be  accu- 
rately obtained;  as  was  the  case  in  astronomy  also, 
till  the  time  of  the  approximate  solution  of  the 
Problem  of  Three  Bodies,  and  the  consequent  form- 
ation of  the  Tables  of  the  Moon  aud  Planets  on  the 
theory  of  nriiverrial  i^Tavitatioii.  After  s<mie  time, 
electrical  theory  was  relieved  from  this  reproach, 
mainly  in  consequence  of  the  progress  which  astro- 
nomy had  occasioned  in  pure  mathematics.  About 
1801,  there  appeared  in  the  Bttllef-in  <f*'S  Scumces", 
an  exact  solution  of  the  problem  of  the  distribution 
of  electric  fluid  on  a  spheroid,  obtained  by  M.  Diot, 
by  the  application  of  the  peculiar  methods  which 
Laplace  bad  invented  for  the  problem  of  the  figure 
of  the  plaiK'ta,  And  in  1811,  M.  Poisson  applied 
Laplace's  artifices  to  the  case  of  two  spheres  acting; 
upon  one  another  in  contact,  a  case  to  which  many 
of  Coulomb's  expcriirients  were  refernble;  and  the 
agreement  of  the  results  of  theory  and  observation, 
thus  extricated  from  Coulomb's  numbers,  obtained 
above  forty  years  previously,  was  very  strikitfc^  and 
convincing'^  It  followed  nlse  from  Polsson's  ealcu- 
"  Nn.  li.  "  M^in.A,  K  1811. 
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latJOns.  tbat  when  twn  ulcttrizeil  .spheres  are  brought 
near  eufb  otln^r,  the  accumulation  of  the  opposite 
electricities  on  their  nearest  pomts  increases  with- 
out limit  as  the  spheres  approach  to  contact;  so  thai 
fbefore  tbe  coutact  takes  place*  the  p-xturnal  resist- 
ance will  Ik?  overcome,  and  a  pjtrrr/c  will  pass. 

Though  the  relatloDS  oF  non-conductors  to  elec- 
tricity, and  various  other  circumstances,  leave  many 
fiwls  imperfectly  explaiiu^d  by  the  theory,  yet  we 
may  venture  to  aay  that,  as  a  theory  wliich  gives 
the  iaA*-s  of  the  phenomena,  and  which  determines 
ibe  distribution  of  those  elenientarj^  forces,  on  the 
Rirface  of  electrii^cd  bodies,  from  which  elementary 
forces  (whether  arising  from  the  presence  of  a  Huid 
or  not,)  the  total  eft'ects  result,  the  doctrine  of 
Dufay  and  Coulomb,  as  developed  in  the  analysis  of 
Poisson,  is  pecun!ly  and  permanently  estabUslied, 
This  part  of  the  subject  ha.s  been  called  stitHctri 
tkar'tdfi/.  In  the  establialiment  of  the  theory  of 
this  branch  of  scieace,  we  must,  I  conceive,  allovir 
to  Dufay  more  merit  than  la  generally  ascribed  to 
since  he  saw  clearly^  and  enunciated  in  a 
manner  which  showed  that  he  duly  appreciated 
ibeir  capital  character,  tbe  two  chief  principles. — 
[the  conditions  of  electrical  attraction  and  repidsion, 
td  the  apparent  existence  of  two  kinds  ef  elec- 
His  views  of  attraction  arc,  indeed,  partly 
expressed  in  terms  of  the  Cartesian  hypothesis  of 
vortices,  then  prevalent  in  France ;  but,  at  the  time 
[when  he  wrote,  these  forms  of  speech  indicated 

VOL.  III.  iJ 
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scarcely  anything  besii]es  the  power  of  attraction, 
Franklin'a  roal  merit  as  a  discoverer  wits,  that  ]ns 
was  one  of  the  first  who  distii^ctly  cooecivcH  the 
electrical  charge  as  a  derangement  of  equilibrium. 
The  great  fame  which,  in  his  day,  he  enjoyed,  arose 
from  the  dcamess  and  syiirit  with  which  he  narrated 
his  discoveries;  from  his  dealing  wUh  electricity  in 
the  imposing  form  of  thunder  and  lightning;  and 
partly,  perhaps,  from  his  character  as  an  Ameri- 
can and  a  politician;  for  he  was  already,  in  173(1^ 
engaged  in  public  affairs  as  dork  to  the  General 
Assembly  of  Pennsylvania^  though  it  was  not  till  a 
later  period  of  his  life  that  his  admirers  had  the 
occasion  of  saying  of  him — 

EHpnit  C4flifi  fiitmcn  aceptmniqiie  tynunns; 

Born  to  control  all  bwlte^  foTW,  all  finre  nrnl  baleful  sway, 
Jim  Ihundcr's  lifllt,  tho  tyrnnl'H  rod,  alikf  ho  wrenched  nway- 

jEpinus  and  Coulomb  were  two  of  the  moM; 
eminent  physical  philosophers  of  the  last  century, 
and  laboured  in  the  way  peculiarly  required  by  that 
generation;  whose  office  it  was  to  examine  the  re- 
sults, tD  particular  subjects,  of  the  general  concep- 
tion of  attraction  and  repulsion,  as  introduced  by 
Newton.  The  reasonings  of  the  Newtonian  period 
had,  in  some  measure,  anticipated  all  possible  theo- 
ries resembling  the  electrical  doctrine  of  jEpinns 
and  Coulomb;  anil,  on  that  account,  this  doctrine 
could  not  be  introduced  and  confirmed  in  a  sudden 
and  strilcing  manner,  so  as  to  make  a  great  epoch. 
Accordingly,    Diiihv»   Symnier,   Watson,    Fru-nliliuj 
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JEpinus  and  Coulomb,  hare  all  a  share  in  the 
process  of  imluftioo-  With  reference  to  thiiso 
fonnders  of  tin.'  theory  of  electricity,  Poisson  holds 
the  same  place  which  Laplace  holds  with  reference 
to  Ne^itm. 

The  reception  of  the  Coulomhian  theory  (so  we 
vntist  call  it,  for  the  ^^piuian  theory  implies  ooe 
fluid  only,)  has  hitherto  not  been  so  general  as 
[Sugfat  have  been  reasonably  expected  from  its  very 
Liitiful  accordance  with  the  facts  which  it  contem- 
plates. This  ha^  partly  been  owing-  to  the  extreme 
ab&trusenesg  of  the  mathematical  reasoning  which  it 
employs,  and  which  put  it  out  of  the  reach  of  most 
experimenters  and  writers  of  works  of  general  cir- 
culation. TIjc  theory  of  ^pinus  was  explaineJ  hy 
Robison  in  the  Enryrhpwdia  Britc/nnica  ;  the  ana- 
lysis of  Poisson  has  recently  been  presented  to  the 
putdic  in  i\\e  Ena/rhpo'dia  MetropolitanfT,  but  is  of 
a  kind  not  en^sily  mastered  even  hy  most  mathema- 
ticians. On  these  accounts  probably  it  is,  that  in 
English  compilations  of  science,  we  find,  even  to 
this  day,  the  two  thcoricB  of  one  and  of  two  fluids 
Htated  as  if  they  were  nearly  on  a  par  in  respect  of 
llieir  experimental  evidence.  Still  we  may  say  that 
the  Coulombian  theory  is  probably  assented  to  by 
all  who  have  examint-^d  it«  at  least  as  ^ving  the 
laws  of  phenomena;  and  I  have  not  heard  of  any 
flent^l  of  it  from  such  a  quarter,  or  of  any  attempt 
to  show  it  to  be  erroneous  by  detailed  and  mea- 
sured   e\|>c-riments,      Mr.    Snow    Harris    has  re- 
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fently"  ilcscnbed  some  important  e.xperimeDts  an 
measures;  but  his  apparatus  was  of  such  a  kind  tliat 
the  compartson  of  the  results  with  the  Coulombian 
theor}'  was  not  easy;  and  indeed  the  matliemaiical 
problems  wliicli  Mr,  Ilarris's  combinations  offered, 
require  another  Poisson  for  their  solution.  Stilt 
the  more  obWoiis  results  art?  such  as  a.grco  with  the 
theor_y,  even  in  the  eases  in  which  their  author  con- 
sidered tlieni  to  he  iuexplicable.  For  example,  he  _ 
found  that  by  doubling  the  quantity  of  electricity  of  ( 
a  conductor,  it  attracted  a  body  with  four  times  the 
force;  hut  the  body  not  being  insulated,  would  have 
its  electricity  also  doubled  by  induction,  and  thus 
the  fact  was  what  tlie  theory  required. 

Though  it  is  thus  highly  prohahle  that  the  Cou-* 
Icmhian  theory  of  electricity  {or  tJie  jEpinian,  which 
is  mathematically  equivalent,)  will  stand  as  a  true 
representation  of  the  law  of  the  elementary  actJoiis, 
we  must  yet  allow  that  it  fias  not  received  that 
complete  evidence,  by  means  of  experiments  and 
calculations  added  to  those  of  its  founders^  which 
the  precedents  of  other  pcnuanejit  sciences  have 
led  us  to  look  for.  The  experiments  of  CoulomK 
which  he  used  Id  the  establishment  of  the  theory, 
wero  not  very  numerous,  and  tbcy  were  lijuitcd  to 
a  |jeeu|iar  form  of  InidJes,  nam<"Iy  siiheres.  In 
order  to  form  the  pro]>er  s^qud  to  the  promulga- 
tion of  this  theory,  to  give  a  full  c<n\finnalUm,  and 
to  ensure  its  general  reception,  we  ouglU  to  have 
"  Phil  rnj»j.  1R34,  P.S. 
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GXperimeots  more  immeroiis  and  more  varied  (such 

as  those  of  Mr,  Harris  are)  shown  to  agree  in  all 

respects  with  results  caltrulatwl  from  tbe  theory-, 

ITiis  would,  08  we  have  said,  he  a  task  of  labour 

and  difticulty ;  but  the  person  who  shall  execute 

;jt  will  desen-e  to  be  considered  as  one  of  the  real 

mpders  of  the  true  doctrine  of  electricity.     To 

lehow    that   the    coincidence   between    theory    and 

observation,    which    has  already  been   proved   for 

spherical    conductors,   obtains   also  for  bodies  of 

other  forms,  will  be  a  step  in  electricity  analo^ufi 

to  what  was  done  in  astronomy,  when  it  wa.s  shown 

that  fbe  law  of  grantation  applied  to  comets  as 

well  as  to  planets. 

But  although  wo  consider  the  views  of  JEpinus 
or  Coulomb  in  a  very  high  degree  probable  as  a 
f&rsTial  tfu-ory,  the  question  is  very  different  when 
we  come  to  examine  them  as  a  phiisical  theory: — 
diat  is,  wlien  \^'e  inrjulre  whether  there  really  is 
A  material  electric  fluid  or  iiutd.^. 

Qnegtiofi  (^  One  or  Ttro  Firtids. — In  the  first 
Lplace  as  to  the  question  whether  the  fluids  are  one 
|0r  two  ; — Coulomb's  introduction  of  the  hypothesis 
of  two  fluids  lias  been  spoken  of  as  a  reform  of  the 
.theory  of  yEpinus;  it  would  probably  have  been 
iDoro  safe  to  have  called  bis  labours  an  advance 
m  the  calculation,  and  in  tbe  comparison  of  bypo-- 
;thesis  with  experiment,  than  to  have  used  language 
iwhich  implied  that  the  cjuestion,  between  the  rival 
hypotheses  of  one  or  two  fluids,  could  be  treated 
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as  settled.  For,  in  ruality,  if  we  assume,  as  ^pinus 
does,  the  mutual  repulsion  of  all  the  particlea  of 
nja-tter,  in  addition  to  the  repulsion  of  the  particles 
of  the  uk'ctrii;  Huld  for  one  another  and  their 
attraction  for  tho  [larticles  of  matter,  the  one  fluid 
of  jEpiiius  will  give  exactly  tbe  same  results  as  the 
two  iluids  of  Coulomb.  The  mathematical  formulae 
of  Coulomb  and  of  Poisson  express  the  conditions 
of  the  one  case  as  well  as  of  the  other;  the  inter- 
pretation only  being  somewhat  ditferent.  The  place 
of  the  forces  of  the  resinous  fluid  is  BUp\>lied  by 
tbe  excess  of  the  forces  ascribed  to  tho  matter 
above  the  forces  of  the  f!uid,  in  the  parts  where 
the  electric  fluid  is  deficient. 

Tbe  obvious  argumout  against  this  hypothesis 
is,  that  we  ascribe  to  the  particles  of  matter  a 
mutual  repulsion,  in  adcbtion  to  the  mutual  attrac- 
tion of  universal  gravitation,  and  that  this  appears 
incongruous.  Accordingly,  ^pinus  says,  that  when 
he  was  fu-st  driven  to  this  propofiition  it  horrified 
hini''\  But  we  may  answer  it  in  this  way  very 
satisfactorily; — If  we  suppose  the  mutual  repulsion 
of  matter  to  be  somewhat  Jess  than  the  mutual 
attraction  of  matter  and  elcetric  Huid,  it  will  folioA\ 
as  a  consequence  of  the  hypothesis,  that  I»esidc5 
all  obvious  electrical  action,  the  particles  of  matter 
ivould  attract  each  other  with  forces  varying  in- 
versely as  the  stjuare  of  tlic  distance.     Tlius  gra- 

'*  Nequo  diffit«OT  rum  ipm  aa  mJlii  ofltrret  .....  in€  ad 
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viutjun  itself  Ijecrnoes  an  L*kctricaJ  phenomenon, 
nrisiug  from  the  residual  excess  of  attraction  over 
rfipulyioa;  and  the  fact  which  is  urged  agaiDst  tlip 
ri/pcithesis  buirtinios  a  continuatioTi  of  it.  B^  this 
Cfinstdemtiou  tha  prorogative  of  simplicity  passes 
over  to  the  aide  of  the  hypothesis  of  one  fluid ;  aotJ 
the  rival  view  appeani  to  lose  at  least  all  its  supe- 
riority, 

w 

Very  recently,  M.  Mosotti''  has  calculated  the 
result;^  of  th«  ^^pinian  theory  iu  a  far  more  com- 
^piete  manner  than  had  previously  been  perfonuodi 
lisiDg  Lajilaoes  coeflicieut!^  as  Poissou  had  done 
for  the  Coulombian  theory.  He  finds  that,  from  the 
^apposition  of  a  Huid  and  of  particles  of  matter 
ciercisirg  such  forces  as  that  theory  assumes,  {with 
%ht  very  allowable  additional  ,sui"iK7sition  that  thu 
paiticlas  arc  small  com]iarcd  with  tbcir  dista.nccs,) 
it  follows  tliat  the  jiarticics  would  exert  a  force, 
repulsive  at  the  smalle.^t  distances,  a  little  further 
OD  vauishirj^,  afterwards  attractive,  and  at  all  seu- 
■iLle  distaucei^  attratrting  in  proportion  to  the  in^ 
terse  st|uare  of  the  distance.  Thus  there  would  be 
a  ]>ositiou  of  stable  equihhnum  for  the  particles  at 
a  very  sniall  distance  irom  each  other,  which  may 
be;  3f,  ^io^otti  su^e^ts^  that  eijuilibrium  on  which 
their  physical  structure  depends.  According  to  thJs 
vii?v,  the  resistance  of  bodies  to  comprossiou  and 
lo  extension*  a»  well  as  the  phenomena  of  statical 

•  ^BT  ie*  Firrcf*  tpa  riguient  ta  Vt/nst'datiun  inUTif:Hrt  dct 
ilaryt.    Toriu,  I83ti. 
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electricity  and  the  ruulual  pravjtatioii  of  matter, 
art?  accounted  for  by  tiie  same  hypothesis  of  a 
single  fluid  or  ether.  A  theory  which  offers  a  pro- 
spect of  fiuch  a  ^-eneraJization  is  wortli  attention; 
but  a  very  clear  and  comprehensive  view  of  the 
doctrines  of  several  sciences  is  reiguisite  ta  prepare 
us  to  estimate  its  vahic  ami  probable  success. 

QucatioH  of  the  Matei-ial  Jfj^af/t^  (.f  tht  Elerh'te 
Fluid, — At  first  sight,  the  beautiful  accordance  of 
the  experiments  with  calculatiou!^  founded  upon  tho 
attractions  and  repulsions  of  the  two  hj'pothotieal 
fluids,  persuade  us  that  the  h}-pothesis  must  be  the 
real  state  of  tilings.  But  we  have  already  learned 
that  we  must  not  trust  such  evidence  too  readily. 
It  i^  a  curious  instance  of  the  mutual  iaHuence  of 
the  histories  of  two  provinces  of  science,  hut  I 
think  it  will  he  allowed  to  be  ju.st.  to  say  that  the 
discovery  of  the  polarization  of  heat  has  done  ranch 
to  shake  the  theory  of  tiie  electric  fluids  as  a  phy* 
sical  reality.  For  the  doctrine  of  a  material  caloric 
appearwl  to  be  ]troved  (from  the  laws  of  conduction 
and  radiation)  by  the  ^me  kind  of  mathematical 
evidence  (the  agreement  of  the  laws  respecting;  the 
elementary  actions  with  those  of  fluids.)  which  we 
liave  for  the  doctrine  of  material  electricity.  Yet 
we  now  seem  to  see  that  heat  caimut  be  matter, 
since  its  rays  have  siik'ti,  in  a  manner  in  which  a 
stream  of  particles  of  matter  cannot  have  sides, 
without  inadmissible  hypotheses.  We  see,  then, 
that  it  wdl  not  be  contrary  to  precedent,  if  onr 
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eLoctricAl  Ihcnry  rc^presonting  witli  perfect  atouracy 
the  liTir^  of  tlio  actions,  m  aJL  their  forms*  aimple 
ajwl  complex,  &boii!d  yet  be  fallacious  as  a  view 
of  the  caasH  of  tho  nctions. 

Any  true  view  of  electricity  must  include,  or  at 
least  be  consistent  with,  the  other  classes  of  the 
pheuoinen.H,  as  well  as  this  statical  electrical  action; 
£Ui4i  as  the  cQiidrtiuns  of  excitation  and  retention 
of  electricity ;  to  which  we  may  add,  the  connexion 
of  electricity  with  magtietisni  and  with  chemistry; 
— «  vast  field,  as  yet  Uimly  SGeu.  Now,  even  with 
rf!ganl  to  th(?  simplest  of  th*?so  i|ucstions.  the<auso 
of  the  retention  of  elei^tricJty  at  the  surface  of 
bofUes,  it  appears  to  be  imposgibk^  to  maintain 
Coulomb's  opinion,  that  this  is  effected  by  the  rc- 
Wfit*ncc  of  air  to  the  pjassage  of  electricity.  The 
uihBT  questions  are  such  as  Coulomb  did  not  at- 
tempt to  touch:  they  refer,  indeed,  principally  to 
hwa  not  Buspected  at  his  time.  How  wide  and 
|jrofiJund  a  theory  must  i)e  which  deals  worthily 
witli  tliose,  wo  shall  obtain  fiome  indications  in  the 
gitcceedtng  part  of  niir  history- 

But  it  may  be  said  on  the  other  side,  that  we 
have  the  evidence  of  our  senses  for  the  reality  of 
im  electric  Jluld  : — we  soi^  it  in  the  sjiark ;  we  hear 
it  in  thf^  explosiou ;  we  feel  it  in  the  t>hoel< ;  and 
it  produces  the  effects  of  mechanical  violence,  plerc- 
iug  and  tearing  tlte  bodies  through  which  it  passes. 
And  tliOBO  who  arc  dispo&ed  to  assert  a  real  fluid 
on  such  grounds,  may  ap|>ear  to   bo  justilied  in 
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doing  so,  by  oue  of  Newton's  *' Rules  of  rhiloso- 
pliiEing/'  in  whicli  ho  directs  the  philoaopher  ta 
assume,  in  his  theories,  •"  causes  which  are  true." 
The  usual  interpretation  of  a  "Tera  eaiisa,"  h&s 
been,  that  it  implies  causes  which,  indopeudeutly  of 
tlieoretical  calculationfiT  ^^<^  kuown  to  exist  by  their 
uiechanieal  ctFocta ;  as  gravity  was  familiarly  known 
to  exist  on  the  earth,  before  it  was  extended  to 
the  heaven^-  The  electric  fluid  might  seem  to  be 
such  a  T&rii  rattsa. 

To  this  1  should  venture  to  reply,  that  this 
reasoning  shows  how  delusive  the  Newtoniaa  role, 
no  iuterpreteil,  may  be.  For  a  moment's  considera- 
tion will  satisfy  us  that  none  of  the  circumstances, 
above  miduced,  e^n  really  prove  material  currents, 
rather  than  vibrations,  or  other  modes  of  agency. 
The  spark  and  shock  arc  quite  insufficient  to  sup- 
ply fiueli  a  proof.  Souiid  is  vibrations, — light  U 
vibrations;  vibrations  may  affect  our  nerves,  and 
may  rend  a  body,  as  when  glasses  are  broken  by 
Bounds.  Therefore  all  these  supposed  indications 
of  the  reality  of  the  electric  fluid  are  utterly  fal- 
lacious. In  truth,  this  mode  of  applying  Newton's 
rule  consists  iu  elevating  our  first  rudo  and  uu- 
Bcientifia  impressions  into  a  supremacy  over  the 
results  of  calculation,  generalization,  and  systematic 
induction". 


J 


"  Od  llio  Bubjeot  of  this  Newtomau  Rule  of  Ph3oso]jbmn^, 
«n  furtbtr  FhiL  Ind.  Sc.  Bh  iii.  c.  13-  I  have  given  nu  account 
of  Ihu  hidtury  anJ  ovidcnva  uf  tliir  Theory  uf  EJuctncLt^  in  Ihc 
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TTiQs  our  conclusion  with  reji^ard  to  this  suhjnct 
is,  tliat  if  wo  wisli  to  (brm  a  stable  ph^^sical  theory 
*if  electricity,  we  must  take  into  account,  not  only 
llie  laws  of  statical  electricity,  which  we  hare  been 
nhitifly  conj^iilcring,  but  tht  laws  of  other  kinda  of 
Agency*  different  from  the  electrie,  yet  connected 
with  it-  For  the  electricity  of  which  we  have 
liitherto  sjKiken,  and  which  is  commonly  excited 
liy  frtctioD,  IS  jdeotical  with  galvanic  action,  wLJch 
hi  a  result  of  chemical  combinations,  and  belongs 
lo  cbemioal  philosophy.  The  connexion  of  these 
different  kinds  of  electricity  with  one  another  leads 
i»  int<>  a  new  domain ;  but  wc  must,  in  the  first 
plac*%  considor  thfjir  mcchiiiiical  laws.  Wo  now 
prccwd  to  another  branch  of  the  same  subject, 
SlagDctism, 

Refi/rU  t^  ike  DriiiMh  AMiOcialitm  fnr  1635,  I  may  aeetn  Uirao 
U  hite  ftpofcea  more  favourably  of  tha  Theory  as  a  PbytiuiiJ 
Tlusmrj  thui  1  Uove  iIodg  hire.  Tliis  diSbrcnce  ii;  principaUy 
da*  bo  A  omitiideratiuu  uf  the  prtsuut  a^pt-x-t  of  iho  Theory  of 
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(a.)  p,  1E>-  As  nn  important  application  of  the  doc- 
IrmoB  of  uloctricity,  1  may  mcmlloa  the  contrivanoee  em- 
ployed to  protect  flhipn  from  tlio  cffeotB  of  iightning.  The 
UHe  of  ccnduotors  m  audi  caeea  i^  attended  with  pecDliar 
difficuJtics.  In  IVSO  the  Ftencli  began  to  turn  their 
Btttontion  to  this  subject,  and  LoRoi  wria  gent  to  Rrest  And 
the  variouB  Hea-pqrta  of  France  for  that  purpoea.  Chains 
temporarily  applied  in  tho  riggjug  hii-d  been  prcviouely 
suggesti^d,  hut  bo  undoavoutL'd  to  pl^co,  he  ss.yfij  eueh  con- 
ductors in  Hhipa  us  might  bo  Rxed  and  durable.  lie  devised 
certain  long  linked  rodH,  which  led  from  a  point  in  tlie 
mast-hc^ad  along  a  pibi't  of  the  rigging,  or  in  divided  et^tgea 
aJong  tho  mafita,  and  wyrc  fised  to  plates  of  roetal  in  the 
ebip's  sidea  communicating  with  the  sea.  But  theao  were 
either  unable  to  aland  Che  working  of  the  rigging,  or 
othorwiAe  inoonvenienti  and  wore  linally  abandoned.  See 
Le  Roi'B  Memoir  in  the  Niet.  Jead.  f^c.  for  1790. 

Tho  Qumtuctor  eommuuly  lued  in  tho  English  navy,  till 
reoentlyi  consisted  of  o.  flexible  copper  vltaiu,  Lied,  when 
oocaBiua  re^^uired,  to  tlto  maet-head,  and  reaching  down 
into  the  aea;  a  contrivance  reeommcnded  by  Dr.  Watson 
in  176^.  Knt  notwithsl^omJing  this  precaution,  the  sbi|v 
ping  ^ffeivd  groatly  from  tbu  efftictti  of  ii^htning. 

Mr.  Snow  Harria,  whose  electrical  labours  are  uotio^d 
in  tho  to£t,  proposofl  to  the  Admiralty,  in  1830.  ^  plan 
which  conibinwd  Lbe  conditiona  of  ahip  -  conduetora,  eo 
deeirable,  y«t  ao  difficult  to  4«cure : — namvly,  that  they 
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eboiilii  be  pcrrarmontly  fixeHy  and  sufBciently  large,  and  yet 
nhouM  in  no  way  interfere  with  tho  motton  of  the  rigging, 
or  with  the  sliiiing  loasta.  Tlie  method  whiph  ho  propoaod 
vaa  to  make  tbo  ma^ttt  tlieiuH^lvea  t:onJuutui<8  uf  eiet^tricity. 
bv  LDCarporatiDg  with  tHem,  in  v,  peculiar  way,  two  lamitbe 
of  aheet^Mppei'^  unitiTig  lliceji  i^-Jth  the  Tnet<i.!lic  masses  in 
the  ball  by  othop  lamijuc,  an*!  giving  the  whole  a  fr^e  com- 
muDication  with  tho  siia.  Tbu  motbod  woh  tried  experi- 
loentally,  both  un  modela  and  to  a  lurge  eitent  in  tho  navy 
itflclf ;  and  a  CoTrmiisaioti  appointed  to  examiuy  the  result 
pe|H»rtod  fhemseivpfl  highly  rtatisfied  with  Mr-  HarrJi^  plao, 
And  fltrongCy  rcoonim ended  that  it  should  be  fully  (^arriod 
out  in  the  Navy.  Sue  Mr,  Snow  Harris's  paper  id  J'hil. 
Mag.  Marcli  ISII. 

(h.)  p.  20,  A  new  mode  of  producing  eleL-tticity  has 
«xdted  muoh  notice  lately.  In  October^  1840,  one  of  the 
wiorkmen  in  aLtendanci^  upon  a  boilf?  belonging  to  the 
Newr-aftlle  nnd  Durham  Railwity,  n?ported  that  tho  boiler 
"waa  full  of  tire;  the  fnut  bt.<riL;^f  that  whoa  bu  placod  liii^ 
hand  niur  it  au  eltictrleal  fp^rk  wna  given  out.  This 
drew  the  attention  of  Mr,  Armstrong  and  Mr.  Pattin- 
WJt,  who  made  the  tircunislance  publidy  known-  {PhiL 
Ww-  Oct,  I8ti),)  Mr.  Armstrong  purraeil  the  Enveatiga- 
tion  WTtb  great  zeal,  and  after  varicua  eonjectures  woe  able 
in  announw  (PMl  Maff.  Jan.  1842,  ilaled  Dotv  9,  18H,) 
Ibtt  tlu^  ekctricity  wa3  c.^fited  at  the  point  where  tho 
Bt^^m  IN  pubjcet  to  friction  in  it^  emi^alon.  He  found  loo 
rhat  he  could  pi'oduce  a  Hko  effect  by  the  emission  of 
condensed  air.  Following  out  his  views,  he  waa  aWo  to 
cofurtnict,  for  the  Polytechnic  InaUtution  in  London,  a 
**  Hydro-electric  Machine,"  of  greater  power  than  any 
electrical  ma^^bine  previouBly  mmle.     Dr-  Faraday  took  up 
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fho  invGstij^tiim  as  Iho  subj^ir-t  of  tho  Eightoonth  Sortee  of 
Li*A'tfWflrcAw,eent,totheRojalSooipt)',  Jan»26, 1842;  and 
ID  tbifl  be  illustrated,  witli  kifi  usual  command  ofoopiouB  and 
luminous  esperimonts,  a  like  view; — tbat  the  electricity  Ia 
produced  by  the  friction  of  Ibo  particlM  of  the  water  car- 
ried along  by  tho  etoam.  And  thuH  this  is  i^  now  manl- 
fffitatirtn  of  tbut  (jlootricity,  whicJi,  to  d[Ftjngaiflh  it  from 
voltaic  electridty,  is  aometimea  called  FrietY/n  Electricity 
or  Mach^  EUdridt^.  Dt,  Faraday  has,  howover,  in  the 
courw?  of  tbtt  inTc?fttig;ation,  l>roaght  to  light  soveraJ  new 
electrical  relations  of  bodiis. 
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Efttce,  ui  inrena  fera  munera  militiiiL 
Pnrmana  oc  tcrruB  omnciii  sapita  qnicBcont. 
Nam  tu  sola  pulfiu  tramjuIlU  |iaoi-  juvarc 
Morlak*;  fLUonwiu  belli  fnta  inimem  MflTCirt 
Arraipdtcii!)  regit,  Iti  grt-minm  qui  aarpc  tuara  aq 
Rejicii,  iFteroQ  fjcvictua  volutro  tuacria; 
Atqu«  ila  tiupicjem  tfmli  ctrvice  i-efwaLi, 
PoAcit  amoro  &TidD4  inh[rin>i  in  ie,  Tioi,  raat, 
Equc  luo  pcndL't  rcaupiDi  apjiihu  on. 
fltiuc  tu,  D!tb,  too  reculiUitejii  curpotv  JiAJicto 
Citcumfujifk  fluper,  jmave*!  fi  ore  InqutLu 
Fimde,  pctcufl  pladdmn  Rumanb,  induta,  iiw^m# 


O  rhflmim^  rjfMldfaB,  hho"*  mywlprioiu  svny, 
Tho  Qiucen  bo&ts  of  tiirUi  miJ  Kk;  they ; 
Tf>  vhom,  though  cold  oitrl  bard  to  nil  beflidei. 
The  TrtHi  Gnd  by  ntrong  uRtcIinn  glidca. 
Flings  biiiiEuIf  to^r  lo  tby  cIobo  ombrorc. 
And  btDds  bu  btod  lo  i^aa  itpoD  tby  face; 
Do  thou^  whikt  lime  tby  FoDillibg  amu  are  tbranvD 
Around  his  form,  and  hv  ■?  all  thy  own, 
Do  llioi].  tby  TlomiT  iu  Mivt,  iliy  p^^v^r  (ti  pmrp, 
It^  him  la  grant  a   boun  for  thj  iIpat  love ; 
Beg  him  no  matt  in  bnttlc-fielda  to  deal. 
Or  uruflli  tbc  nQiiom  with  hie  moEkd  hitl. 
But,  loucbvd  Bjul  Bufleni'd  by  a  ivorihy  fLune, 
Quit  sward  and  vpear,  uiii  firck  a  b^ttrr  tamp. 
BjlL  him  tu  [QJiko  idl  WOT  onJ  slangbti^T  txasp. 
And  ply  lii±  ^'ntiint  to^k  Ln  orLg  of  pcoct ; 
Alt']  by  tlifo  guklod  d'l^t  the  (mcklras  fiui-^e. 
Bear  wejilih  and  joy  lo  ocfan'fl  farthcal  vepgc. 
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CHAPTER  L 
Discovert  of  Lawb  of  Magnetic  Puenomena. 

TIIE  history  of  Ma^etisni  Ls  in  a  ^eat  depjee 
siiniliir  to  tliat  of  Electricity,  aud  many  of  thf^ 
same  persons  were  employed  in  the  two  trains  of 
research-  The  p^eneral  fact,  that  the  magnet  attracta 
iroa,  was  nearly  all  tli^t  was  known  to  the  aneients, 
and  is  frequently  mentioned  and  referred  to;  for 
ance,  by  Piiny,  who  wondt^rs  and  declaims  con- 
'cemiog  it.  in  his  usual  exaggerated  3tyle^  The 
writers  of  the  stationary  period,  in  this  sutrject  as 
m  others  (iniplaycd  themselves  in  colleetin^^  and 
adorning  a  nuniber  of  extravagant  tales,  whidi  the 
filightest  reference  to  esjteriment  would  have  dis- 
"proveil;  as,  for  example,  that  a  magnet  when  it  has 
lost  its  virtue,  hru^  it  restored  by  goat's  blood.  Gil- 
bert, whose  work  Be  Ma^iwte  we  have  already 
mentioned,  speaks  with  becoming  indignation  and 
pity  of  this  iKJokish  folly,  and  repeatedly  asserts  the 
paramount  value  of  experiments-  He  himself,  no 
doubt,  acted  up  to  bis  own  precepts;  for  his  worU 
contains  all  the  fundamental  facts  of  the  science,  so 
fully  examined  indeed,  that  even  at  tliis  day  wo 
have  Httle  to  add  to  them.  Thus,  in  his  first  Book, 
if  the  third,  fourth,  and  fifth  Chapters 
1  magnet  has  poles, — that  wo  may  call 


^  UUi-  yat.  Wh.  XdTi.  c.  2o. 


VOL.  Ill, 


E 


50 


UlSTORY  OF  MAGNETISM, 


these  poles  the  north  and  the  south  pole. — that  in 
two  inaj*:nets  the  north  pole  of  each  attracts  the 
Bouth  polo  and  ropcls  tho  north  pole  of  the  other. 
This  is»  Indeed,  the  cardind  fact  on  which  our  gene- 
raltzationa  rest;  and  the  reader  will  perceive  at 
oace  its  resemblance  to  the  leading  phenomena  of 
statical  electricity. 

But  the  doctrines  of  magnetism^  liko  those  of 
heat,  have  an  additional  claim  on  our  notice  &om 
the  manner  in  which  they  are  exemplified  in  the 
glohc  of  the  earth.  The  subject  of  terrestrial  m^j/- 
nMism  forma  a  very  important  addition  to  the 
general  facts  of  ma;^etic  attraction  and  repulsion. 
The  property  of  the  magnet  by  which  it  directs  its 
poles  exactly  or  nearly  north  and  south,  wlien  ones 
discovered,  was  of  immenso  importance  to  the 
mariner,  II  docs  not  appear  easy  to  trace  with 
certainty  the  period  of  this  discovery.  Passmg  over 
certain  legends  of  the  Cbi[iese,  as  at  any  rate  not 
bearing  upon  the  progress  of  Kuropcan  science',  the 
earliest  notice  of  this  property  appears  to  be  con- 
tained iu  the  Poem  of  Guyot  de  Provence,  wlio 
describes  the  needle  as  beiDg  magnetized,  and  tlien 
placed  in  or  on  a  straw,  (floating  on  water,  us  1 
presume :) 

PuLS  »e  (oruu  la  poLotti  toute 
Contra  I'mtoilD  bqiib  doute; 

that  is»  tt  turns  towards  the  pole-star.     This  ac- 
count would  make  the  knowledge  of  this  property 

■  Enc.  Met.  art-  Mirgnriism.  p.  736. 
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lit  Europe  anterior  to  12<MI.  Tt  was  aft.crwanls 
fouitd'  tlmt  the  ii<:odlo  tloM  not  point  exactly 
to^-ards  the  north.  Gilbert  was  aware  of  this 
deviation,  which  he  calls  the  caH/ftttm.  and  also, 
Ihat  it  is  different  in  different  places'.  lie  main- 
lined on  theoretical  principles  aleo^,  that  at  the 
saniG  place*  the  variation  is  constnnt;  probably  in 
his  time  there  were  not  any  recorded  obsen-ations 
by  which  the  truth  of  this  assertion  could  he  tested ; 
it  was  afterwards  found  to  be  false.  The  alteration 
(if  the  variation  in  proceeding  from  one  place  to 
another  was,  it  will  be  recollected,  one  of  the  cir- 
cumi^atieeR  ivhich  most  alarmed  the  companions  of 
Columbus  in  1402,  Gilbert  says^  '*  Other  leanu'd 
men  have.,  in  long  navigations,  observed  the  dif- 
ferences of  uia/rnetic  variation,  as  Thomas  ilariot, 
Robert  Hues,  EdwanlWright^  Abraham  Kendall,  all 
Englishmen  :  others  have  inventeil  njagnetic  iiistni- 
ments  and  convenient  modes  of  observation,  such  as 
are  requisiie  for  those  who  take  lonp;  voyages,  as 
William  Borough  in  hia  book  concerning  the  varia- 
liou  of  the  compass,  William  Barlo  in  his  supple- 
t,  William  Norman  in  his  A'em  Attractlce.  This 
is  that  Robert  Norman  (a  good  seamau  and  an 
inf^caious  artificer,)  who  first  discovered  the  dip 
of  nia^etic  iron/'  This  important  discovery  was 
made^  in  157^,  From  the  time  when  the  difference 
of  the  variation  of  the  compass  in  different  places 

*  Dc  M/igaete,  lib.  iv,  c.  1. 
'  Efic.  3lr/.p,  73fl- 
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became  known,  it  was  important  to  manners  in 
register  tho  variation  in  all  parts  of  the  world, 
llalley  was  a[»[>ointed  to  tho  comniand  of  a  sliip  in 
the  RnOjal  Navy  by  the  government  of  Wiliam  aud 
Mary,  witJj  oMers  '*to  seek  by  obsen-ation  the  dis- 
covery of  the  rule  for  the  variation  of  the  compass." 
lie  published  Magnetic  Charts,  which  have  been 
since  corrected  and  improved  by  various  persons. 
The  most  recent  are  those  of  Mr.  Yates  in  1S17, 
and  of  M,  Hansteen,  The  dip,  as  well  as  the  varia- 
tiwi,  was  found  to  be  different  in  different  places, 
M.  Humboldt^  in  tho  course  of  bis  travels,  collecte<l 
many  such  observations.  And  both  the  observa- 
tions of  variation  and  of  dip  seemed  to  indicate  that 
the  earth,  as  to  its  effect  on  the  magnetic  needle, 
may,  approximately  at  leasts  be;  considered  as  a 
magnet,  the  poles  of  which  are  not  far  removed 
from  the  earth's  poles  of  rotation.  Thus  we  have  a 
watpieiic  ^arrt^rr.  In  which  the  needle  has  ro  dip, 
and  which  does  not  deviate  far  from  the  earth's 
equator;  although,  from  the  best  obacn'ations.  it 
appears  to  be  by  no  means  a  regular  circle.  And 
the  plicnomena,  Tiotli  of  the  dip  and  of  the  varia- 
tion, in  high  northern  latitudes,  appear  to  indicate 
the  existence  of  a  polo  below  the  surface  of  the 
earth  to  the  north  of  Hudson's  Day.  In  his  second 
romarkahle  expedition  into  tlui^e  regions,  Cajitaia 
Ross  is  supposed  to  have  reached  the  place  of  this 
pole;  the  dipping-needle  there  pointing  vertically 
downwards,  and  the  variation-compo^ts  turning  to- 
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vards  this  point  in  the  adjacent  n'f^ions.  We  aball 
i(>ruaftpr  have  to  consider  tbe  moru  complete  and 
connected  views  which  liave  been  taken  of  terres- 
trial muguetism, 

la  1{>33,  GellJbrand  discovered  that  the  varia- 
tion is  not  constant,  as  Gilhert  imagiiKHl,  but  that 
at  London  it  had  diminished  from  tleven  degrees 
east  in  1580,  to  four  degrees  in  1633.  Since  that 
time  the  variation  has  becomo  more  and  more 
westerly;  It  is  now  about  twenty-five  degrees  west, 
and  the  needle  is  supposed  to  have  begun  to  travel 

ward  again. 

'The  next  iunM}rtaiit  fact  whicli  appeared  with 
respect  to  terre,strial  niagnetism  waa,  that  the  posi- 
tion of  the  needle  is  subject  to  a  small  dinrntil 
variatioo:  this  was  discovered  in  1722»  bj  Graham, 
a  philosophical  instrument-maker,  of  Loudon.  The 
daily  variation  was  establtsiied  by  oTke  tliousand 
ohaervalions  of  Graham,  and  contirmed  by  four 
thousand  moro  made  by  Canton,  and  is  now  con- 
sidered to  be  out  of  disputo.  It  appeared  also,  by 
Canton's  researches,  tliat  tlio  diurnal  v^u-Jatton  un- 
dergoes an  annual  inequality,  being  nearly  a  quarter 
of  a  degree  iu  Juno  and  July,  and  only  half  that 
(quantity  iQ  December  and  January. 

Having  thus  noticed  the  principal  facts  which 
lM?loDg  to  terrestrial  magnetism,  we  must  return  to 
the  consideration  of  those  phenomena  which  gra- 
dually led  to  a  consistent  magnetic  theory.  Giilwrt 
observed  that  both    smelted  iron  and   hammered 
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iron  have  th*>  mag^iotic  virtue,  though  in  a  weaker 
degree  than  the  magnet  it3elf,  and  he  asserted 
distinctly  that  the  magnet  is  merely  an  ore  of  iron, 
(lib.  i.  c-  IG,  Qucd  magnes  et  vena  ferri  idem  sunt,) 
He  also  noted  thu  incrcaaMl  energy  which  magnets 
acquire  by  being  armed;  that  Ia,  littril  with  a  cap 
of  polished  iron  at  each  pole^.  But  we  do  not  find 
till  a  later  period  any  uotice  of  the  distinction 
which  exists  between  the  magnetical  properties  of 
soft  iron  an*l  of  hard  steel; — the  latter  being  sus- 
ceptible of  bein^  formed  into  artificiot  magneU^ 
with  permanent  poles;  while  soft  iron  is  only  pa^- 
airehi  vutgnetir^  receiving  a  temporary  polarity  from 
the  action  of  a  magnet  near  it.  hut  losing  this 
property  when  the  magnet  is  removed.  About  the 
middle  of  the  last  century,  various  methods  were 
devised  of  making  artificial  magnets,  which  exceeded 
in  power  aJl  magnetic  bodies  previously  kno\(ii. 

The  remaining  experimental  researches  had  so 
close  an  historieal  conneslon  with  the  theory,  that 
they  will  be  best  considered  along  with  it,  and  to 
that,  therefore,  we  now  proceed, 

■  Lib.  L  c.  9—13.  •  Lib.  iL  c.  1 7, 
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CHAPTER  II- 
Progress  of  Magnetic  Theory, 

THEORY  <if  Magyierw  Adim—ThG  assump- 
tion of  a  fluii  as  a  mode  of  explaining  the 
phenomcDs,  was  far  less  obvious  in  magactic  than 
in  electric  cases,  jet  it  was  soon  arrived  at.  After 
the  ijsual  philosophy  of  the  middle  ages,  the  **ronns" 
of  Aquiaas,  the  "efflux"  of  Cusantis.  the  '* vapours" 
cf  Costaius,  and  the  likc»  which  aro  recorded  by 
Gilbert',  we  have  faia  own  theory,  whtch  he  also 
expresses  by  ascribing  the  effects  to  a  "formal  effi- 
<aenc)';" — a  "form  of  primary  globes;  the  proper 
entity  aud  existence  of  their  homogeneous  parts, 
whieh  we  may  call  a  primary  and  radical  and  astral 
/t*rm.'"-^3f  which  fonns  there  is  one  in  the  sun, 
one  in  the  moon,  one  in  the  eartb,  the  latter  being 
the  magnetic  virtue. 

Without  attemptiug  to  analyze  the  precise  im- 
port of  these  expressions,  we  may  proceed  to  Des- 
cartess  explanation  of  magnetic  phenomena.  The 
mode  in  which  he  presents  this  subject'  Is,  perhaps, 
the  most  pc^rsuaslve  of  his  physical  attempts.  If  a 
magnet  be  placed  among  iron  filings,  these  arrange 
themselves  in  cune  lines,  which  proceed  from  one 
pole  of  the  magnet  to  the  othen  It  was  not  difii- 
'  Gilh.  lib.  ij.  c,  3,  4,  *  Prin.  Phil  para  c,  iv.  liiS. 
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cult  to  conceive  these  to  be  the  traces  of  ciuTGcts 
of  ethereal  matter  which  circulate  through  the 
mflguet,  and  which  are  thus  rendered  senBible  eveu 
to  the  eye.  When  phenomena  could  not  be  ex- 
plained hy  means  of  one  vortex,  several  were  intro- 
duced. Three  Memoirs  on  Magnetism,  written  on 
such  principles,  had  the  \irho  adjudged'  bj  the 
French  Academy  of  Sciences  in  174(>. 

But  the  Cartesian  philosophy  gradually^declined; 
and  it  was  not  difficult  to  show  that  tlie  m^gnttlc 
f^irreSj  as  well  as  other  phenomena,  would,  in  fact, 
residt  from  the  attraction  and  repulsion  of  two 
poles.  The  analogy  of  magnetism  with  electricity 
was  so  strong  and  clear,  that  similar  theories  were 
naturally  proposed  for  the  two  seta  of  facts;  the 
distinction  of  bodies  into  conductors  and  electrics 
in  the  one  ease,  corresponding  to  the  distinction  of 
soft  iron  and  liard  steel,  in  their  relations  to  raag- 
nutism,  j-E^nnus  piihlihhed  a  theory  of  magnetism 
and  electricity  at  tht*  same  time  (1759);  and  the 
formof  theory,  like  the  latter,  explained  the  pheno- 
mena of  the  o|)posite  poles  as  results  of  the  excess 
and  defect  of  a  "magnetic  fluid,"  wJiieh  was  dis- 
lodged and  accumulated  in  the  ends  of  the  body, 
by  the  repulsion  of  its  own  particles,  and  by  the 
Attraction  of  iron  or  steel,  as  in  tbe  case  of  induced 
electricity.  The  i^^pinian  theory  of  magnetism,  as 
of  electricity,  was  recast  by  Coulomb,  and  presented 
in  a  new  shape,  with  two  fluids  instead  of  one.    But 


PROGRESS  OF  MAGNETIC  THEORY. 


57 


l»efore  this  theory  was  reduced  to  calculation,  it  fl-as 
obviously  liesiraMe,  in  the  first  place^  to  determine 
the  law  offeree. 

In  magnetie,  ag  in  filectric  action,  tbc  deter- 
mination of  the  Jaw  of  attraction  of  the  particles 
was  attended  Jtt  first  with  some  difficulty^  because 
the  action  which  a  finite  magnet  exerts  is  a  com- 
pound result  of  the  attractions  and  repulsions  of 
many  points,  Newton  had  imagined  the  attractive 
force  of  magnetism  to  be  inversely  as  the  cube  of 
the  distance;  but  Mayer  in  176^*,  and  Lambert  a 
few  years  later,  asserted  the  law  to  be,  in  this  as  in 
other  forces,  the  inverse  square.  Coulomb  has  the 
merit  of  ha\ing  first  clearly  coufinned  this  law»  by 
the  use  of  his  torsioit-balancc".  He  established,  at 
the  same  time,  other  very  important  fnc-ts,  for  in- 
stance, ''that  the  directive  magnetic  force,  which 
the  t^arth  e\erts  upon  a  needle,  is  a  constant  quan- 
tity, jmrallel  to  tlie  niagr»etie  meridian,  imd  passiT^g 
Ihrough  the  same  point  of  the  needle  whatever  be 
its  position.''  Tills  was  the  more  important,  because 
it  was  necessary,  in  the  first  place,  to  allow  for  the 
effect  of  the  terrestrial  force,  before  the  mutual 
action  of  the  magnets  could  be  extricated  from  the 
piienomena^  Coulomb  then  proceeded  to  correct 
the  throry  of  magnetism. 

Coulomb's  refomi  of  the  /Epinian  theory,  in  the 
of  magnetism,  as  in  that  of  electricity,  substi- 
'luted  two  fluids  (an  attstral  and  a  boreal  fluid,)  for 
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tlie  singlu   Huid ;   nnti    in    this  way  removed  the 
necessity  under  which  yEpinus   fouud  himsel£  ot' 
BUppi>smp;  aU  llie  particles  of  iron  and  steel  and 
other  magnetic  bodies  to  have  a  yioculiar  repulsion 
for  each  other,  exactly  equ.iJ  to  their  attraction  for 
the  magrietic  fluid.     But  in  the  case  of  magnetism, 
another  modification  was  necessary.     It  was  impos- 
eihle  to  sujiposc  hero,  as  in  tlio  t^lectrical  pheno- 
mevia,  that  one  of  the  fluids  was  accumulated  on 
one  extremity  of  a  body,  and  the  other  fluid  on  the 
other  extremity;  for  though  this  might  apjrear,  at 
first  flight,  to  be  the  ease  in  a  magnetic  needle,  it 
was  found  that  when  the  needle  was  cut  into  two 
halves,  the   half  in  which  the  austral  fluid  had 
seemed  to  predominate,  acf[uired  immediately  a  bo- 
real pole  oj)poGitc  to  lis  austral  pole,  mid  a  dmilar 
eflcct  followed  in  the  other  half.     The  same  is  true, 
into  however  many  parts  the  magnetic  body  be  cut. 
The  way  in  which  Coulomb  modified  the  theory  bo 
as  to  reconcile  it  with  such  fm'U.   is  simple  and 
satisfactory.    He  supposes'  the  magnetic  body  to  be 
made  up  of  ''molecules  or  integral  parts,"  or,  as 
they  were  afterwanis  called  by  M.  Poisson,  "mag- 
netic elements."    In  each  of  these  elements,  (which 
are  extremely  minute,)  the  fluids  can  he  separated, 
so  that  each  element  has  an  austral  and  a  boreal 
pole;  but  the  austral  pole  of  an  element  which  is 
adjacent  to  the  boreal  pole  of  the  next^  neutralizes, 
or  nearly  neutralizes,  its  eflbct;  so  that  the  sensible 
'  Mm.  A.  P.  I78a,  p.  488, 
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nagofitism  appears  only  towards  tho  fxtjvmitics  of 
the  bod}',  as  itwoulil  do  if  the  Huids  coiild  permeate 
the  body  freely.  W<-'  shall  have  exactly  the  same 
FL^ult,  HA  to  seiLsiblo  ma^^etic  forcQ,  od  the  omg 
supposition  nnJ  on  the  other,  aa  Coulomb  showed^ 

Hio  tlK'tirv,  thus  freud  from  manifest  ineon^rui- 
ties,  was  to  be  reduced  to  calcuiation,  and  com- 
pared n-ith  thi^ory;  this  was  doii€  in  Coulomb's 
Sevcntb  JMcmoir*.  The  difficulties  of  calculation  in 
this,  as  in  the  electric  problem,  could  not  be  entirely 
BUrmouuted  by  the  analysis  of  Coulomb;  but  by 
vanotis  ^irtifices,  he  obtdued  theoretically  the  rela- 
.tive  amtjunt  of  magnetism  at  several  points  of  a 
le^  and  the  proposition  that  the  directive  force 
of  tbe  earth  on  similar  needles  saturated  with  mag- 
netism, was  as  the  cube  of  their  dimensions;  con- 
elusions  whidt  ;i^'n?rd  ^vith  osporiment. 

The  agreement  thu^  obt^iined  was  sufficient  t« 
pve  a  ^at  probability  to  the  theory;  but  an 
iprovement  of  the  methofls  of  calculation,  and  a 
n^petition  of  experiments,  was.  in  this  as  in  other 
^CftseS)  desirable,  as  a  confirmation,  of  the  labours  of 
the  original  theorist,  These  requisites,  in  the  course 
of  time,  wt>re  supplied.  Tlie  researches  of  Laplace 
and  Lej^endre  on  tho  figure  of  the  earth  had  (as  we 
have  already  *ft!ited,)  introduced  some  very  peculiar 
analytical  artifices,  applicable  to  the  attractions  of 
splieroids;  and  these  methods  were  mnployofl  byM. 
Biot  in  IHII.  to  show  that  on  an  elliptical  spheroid, 


Mrm.  A.  P.  ]^.  402.  "  A.  P  ITBH. 


4^. 


60 


HISTORY  OF  MAGNETISM* 


tho  thickness  of  the  fluid  in  the  direction  of  thi? 
radius  would  be  as  the  distance  from  the  center'". 
But  the  subject  was  taken  up  in  a  more  complete 
manner  in  1 824  by  M.  Poisson,  who  obtained  general 
expressions  for  the  attractions  or  repulsions  of  a 
body  of  any  form  whatever,  ma^etized  by  influ- 
ence, upon  a  given  point;  and  in  the  case  of 
spherical  bodies  was  able  completely  to  solve  the 
equations  which  detennine  these  forces '\ 

Previoofily  to  these  theoretical  iJivestigatious, 
Mr.  Barlow  had  made  a  series  of  experiments  on 
the  etfect  of  an  iron  sphere  upon  a  compass  needle; 
and  had  obtained  empirical  formulae  for  the  amount 
of  the  deviation  of  the  needle^  according  to  its 
dtpendt^jico  upon  tho  position  and  magnitude  of  the 
sphere.  He  afterwards  deduced  the  same  formulae 
from  a  theory  which  was,  in  fact,  identical  with  tiiat 
cjf  Coulomb,  but  which  he  considered  as  different,  la 
timt  it  supposed  the  magnetic  fluids  to  be  entirely 
collected  at  the  surfece  of  the  sphere.  He  had 
indeed  found,  by  experiment,  that  the  surface  lA'as 
the  only  part  in  whJch  there  was  any  sensible  mag- 
netism; and  that  a  thin  shell  of  iron  would  pro- 
duce the  same  effect  as  a  solid  ball  of  the  same 
diameter. 

But  this  was,  in  fact,  a  most  complete  verifica- 
tion of  C*)iilomb's  theory.  For  though  that  theory 
did  not  suppose  the  magnetism   to   be   collected 
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ili'ljf  at  the  surtact?»  aa  Mr.  Barlow  found  it,  it  fol- 
Hi-ed  from  the  theory,  that  the  s^isibk  magnetic 
int^Tisit}'  assumed  the  same  distribution  as  if  the 
fluiUg  ujuld  ponneate  the  whole  body.  Instead  of 
10  "magnetic  ekmenlK"  oidj.  Coulomb,  indeed, 
not  expressly  noticed  the  result,  that  the  sensi- 
lo  ma^elism  would  be  confined  to  the  surface  of 
but  be  had  found  that,  m  a  long  iiGedic, 
ic  magnetic  fluid  might  be  supp(>sed  to  lie  concen- 
trated Tery  near  the  extremities,  just  as  it  is  in  a 
long  electric  body.  The  theoretical  confirmation  of 
th]»  rule  amon^  tho  other  conse(|ueuces  uf  the 
icory.  that  the  sensible  magnetism  would  be  dis- 
iraed  at  the  surface, — was  one  of  the  results  of 
m*s  analysis.  For  it  appeared  that  if  the  sum 
<»f  the  elexrtric  elements  was  equal  to  the  whole 
\y\  there  wonld  bo  no  iliRbrenco  botwocn  the 
;ioTi  of  a  solid  sphere  and  a  very  thin  sht^lL 
We  may,  then,  consider  the  Coulombian  theory 
be  fully  establislied  and  verified,  as  a  represen- 
lion  of  the  laws  of  magactical  phenomena.  We 
may  add,  as  a  remarkable  and  valuable  e-vample 
of  an  idterior  step  in  the  course  of  sciences,  the 
(plication  of  the  laws  of  the  distribution  of  ma^^- 
ietism  to  the  purposes  of  navigation.  It  had  been 
loniid  that  the  nias»  of  iron  which  exists  in  a 
*hip  pr»»duces  a  deviation  in  the  direction  of  the 
•needle,  which  was  termed  "local  attrac- 
PD,"  anil  which  rendered  the  compass  an  erroneous 
le,     Mr.  Barlow  proposed  to  correct  this  by  a 
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platG  of  iron  placed  near  the  compass;  the  plato 
being  of  yomp^rativtily  small  Jtiass,  Init,  in  conse- 
quence of  its  expanded  form,  and  its  proximity 
to  the  needle,  of  equivalent  effect  to  the  disturbing 
cause  (c)- 

But  wo  have  still  to  trace  the  progress  of  the 
theory  of  terrestrial  magnetism. 

TAeorif  qf  Teryestrtai  Magnetism, — Gilbert  had 
begun  a  plausible  course  of  sjiecuJation  on  this 
point-  ''We  must  reject,"  he  says^',  "in  the  first 
place,  that  vulgar  opinion  of  recent  writ43ra  con- 
cerning magnetic  mountains  or  a  certain  magnetic 
rock,  or  an  iruaginary  pole  at  a  certain  ilistauee 
from  the  pole  of  the  earth."  For  he  adds,  *'  we 
learn  by  experience,  that  there  is  eo  such  fixed 
pole  or  term  in  the  earth  for  the  variation."  Gil- 
bert describes  the  whole  earth  as  a  Tuagnctic  globe, 
and  attributes  the  variation  to  the  irregular  form 
of  its  protuberances,  the  solid  parts  only  being 
magnetic.  It  wa^i  not  easy  to  confirm  or  refute 
this  opinion,  but  other  hypotheses  were  tried  by 
various  writers;  for  instance,  lUlley  had  imagined, 
from  the  forms  of  the  linea  of  equal  variation,  that 
there  must  be  four  magnetic  poles;  hut  Euler" 
showed  that  the  '*  Halk'ian  lines"  would,  for  the 
most  part,  result  frcim  the  supposition  of  two  mag- 
netic poles^  and  assigned  their  position  so  as  to 
represent  pretty  well  the  state  of  the  variation  all 
over  the  world  in  1744.     But  the  variation  was  not 
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the  on\y  phenoTnenoii  which  required  to  be  taken 
into  aecouut;  the  dip  at  different  places,  ^nd  also 
the  intensity  of  the  force,  were  to  be  con&idered. 
Wo  have  alreadj  meutioiiifd  M.  dp  Humboldt's  co!- 
loctioTi    of  ohyij'Pvatiotia   of  thu    dip.     Tht'so   were 
e^c^UDined  by  M.  Hiot,  with  the  view  of  reducing 
thorn  to  the  action  of  two  polos  in  the  supposud 
terre^rlal  magnetic  axis.     Having,  at  Brst,  inaib 
the  distance  of  these  poles  from  the  center  of  the 
earth  indetinitc.  he  fouDd  that  his  formul^p  agreed 
more  and  more  nearly  with  tl:o  observation 5,  as  the 
poles  were  brniight  aeardr;  and  that  fact  and  theory 
Mixicided  tolerably  well  when  botli  poles  wore  at 
he  center.     In  180J)",  Kralft  simplified  this  result, 
hy  ahowiug  that,  on  this  supposition,  the  tangent 
of  the  dip  was  twice  the  tangent  of  the  latitude 
of  the  place  as  measured  from  the  magnetic  e<iuator. 
But  M.  Ilansteen,  who  has  devote^l  to  the  subject 
uf  Urrrostrial  m.-ignetisui  a  great  amount  of  labour 
aad  skill,  has  shown  that^  taking  together  all  the 
observations  which  we  possess,  wo  are  compelled  to 
suppose  four  magnetic  poles;  two  near  the  north, 
uiid  two  iioar  the  south  pole  of  the  terrestrial  glolw^; 
and  that  these  polofl,  no  two  of  which  are  exactly 
opposite  each  other,  are  all  in  motion,  with  dif- 
ferent   velocities,   some  moving  to   the   oast,   and 
tome  to  the  west     This  curious  collection  of  facts 
awaits  the  hand  of  future  theorists  when  the  ripe- 
ness of  time  shall  invite  them  to  the  tnsk(D)p 
I*  Ehc.  Mrt.  p.  7J2, 


64 


HISTORY  OF  MAGNETISM. 


The  various  other  clrcumstaccos  which  terres- 
trial magnetism  exhibits, — the  diuriial  and  annual 
chaugoii  of  the  position  of  the  compass-needle ; — 
the  larger  secular  change  which  affects  it  in  the 
course  of  years ; — the  ditterence  of  intensity  at  dif- 
ferent places,  and  other  facts,  have  naturally  occu- 
pied philosophers  with  the  attempt  to  determine, 
hoth  the  laws  of  the  plienoniena  and  their  causes. 
But  these  attempts  necessarily  depend,  not  upon 
laws  of  statical  magnetism,  such  as  they  have  been 
explained  above;  but  upon  the  laws  by  which  the 
production  and  intensity  of  magnetism  in  different 
cases  are  regulated; — laws  whiclk  belong  to  a  dif- 
ferent province,  and  are  related  to  a  different  set 
of  principles.  Thus,  for  example,  we  liave  n(rt 
attempted  to  explain  the  discovery  of  the  laws  by 
which  heat  influences  magnetism ;  and  therefore  wu 
cannot  now  give  an  account  of  those  theories  of  the 
facts  relating  to  terrestrial  magnetism,  which  de- 
j>end  upon  the  influence  of  temperature.  The  con- 
ditions of  excitation  of  magnetbjni  are  best  studied 
by  comparing  tliis  force  with  other  cases  where  the 
same  cftects  are  produced  by  very  ditferent  apparent 
agencies;  such  as  galvanic  and  thermo-electricity. 
To  the  history  of  these  we  shall  presently  proceed- 

Convhision. — The  hypothesis  of  magin'tic  fluids, 
ES  physical  realities,  was  never  widely  or  strongly 
embraced,  as  that  of  electric  fluids  was.  For  though 
tlie  hypothesis  accounted,  to  a  rcmark^tblc  degree 
of  exactness,  for  large  classes  of  the  phenomena. 


pROGnEss  or  yi\o^p;n^M. 
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tbr  prei^Mifx-  of  »  mitti.*mi  Kuid  was  uot  iiiUtt'strH 
bj  JHcls  i>r  a  Uiftbrcnt  kitnl,  suoh  u&i  tho  spark,  the 
disrfiargf  friim  points,  the  shock,  an*l  its  mechanical 
«ifbcta.  Thus  the  belief  of  a  |>eoiiliar  magnetic 
fluid  or  fluids  wns  nut  forced  upon  iiiea's  iiiJiidB; 
and  the  doctriuE!  nlmvc  sljited  wfis  prolKiMy  rntcr- 
Ijuned  by  most  of  its  adhereuts,  chicly  a^^  a  means 
of  <*x pressing  the  laws  of  phenomena  id  their  ele- 
ineniarj-  form. 

One  other  observation  oecurs  here.  We  have 
thai  thp  supposition  oi'  a  fluid  movcnhle  from 
part  of  bodies  to  anotlier,  and  capable  of  accu- 
iiiublion  iu  dilferent  [tarts  of  tbe  ?iurface,  appeared 
at  first  to  hr  as  ilistinetly  authorized  hy  mu^ietic  a?i 
bv  ph'elrir  ]ihennmena;  and  yet  that  it  afterwards 
Appeared,  by  oaleuiation.  that   this  must  he  con- 

Itjfcd  as  n  derivative  result;  no  real  transfer  of 
taking  [ila*'e  rvnepl  wUhin  the  limits  of  tlm 
ttblc  [^articles  of  the  body.  Without  attempt- 
ing  to  found  a  formula  of  philosophizing  on  this 
dreams t.Hiii'4!,  we  may  obherve.  that  this  occurrence, 
like  tbe  dlspriHtf  of  Unni  as  a  material  tltiid,  sliows 
lhL>  ]>o&sibilitv  of  an  liy|K>tbe,sis  which  shall  very 
«uctty  satisfy'  many  phenomena,  and  yet  be  incom- 
plrte;  It  shows,  too,  tlie  necessity  of  bri:i;;inj;  facts 
of  all  kinds  to  bear  on  the  hypotht^sis ;  thus,  in 
this  COM*  it  was  reqiiii^itc  to  take  into  account  the 
fictt  of  junction  and  separation  of  magnetic  bodieji, 
u  v&ll  a8  their  attra<Hions  and  repulsions, 
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If  we  have  seen  reason  to  doubt  the  doctrine 
of  electric  fluids  as  pbysical  realities,  we  cannot 
help  prone  unci  n^  \x\yon  the  m  orotic  fluids  as 
having'  still  more  insecure  claims  to  b  material 
eKistcncc,  even  on  the  grounds  just  stated.  But  ve 
maj  add  considerations  still  more  decisive;  for  at 
a  further  stage  of  discovery,  a^  we  shall  see,  mag* 
netic  and  electric  action  were  tbund  to  be  con- 
nected in  the  closest  manner,  so  as  to  lead  to  tbe 
persuasion  of  their  being  different  elfects  of  one 
common  cause.  After  tho^se  discoveries^  no  pliilo- 
aophpr  would  dream  of  aasumlitg  cleetrie  fluids  and 
magnetic  fluids  as  two  distinct  material  agents.  Yet 
even  now  the  nature  of  the  dependence  of  mag* 
nctism  upon  anv  other  cause  is  extremeljr  difficult 
to  conceive.  But  till  wu  have  noticwl  some  of  the 
discoveries  to  which  we  have  alluded,  we  cannot 
even  speculate  about  tliat  dependence.  We  now. 
therefore,  proceed  to  sketch  the  history  of  these 
discoveries. 
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(r.)  p,  *>2.  Tins  propoaud  aiTangeniflnt  was  not  otc- 
rannful.  becaiue  on  the  j^liip  luritg  into  dilTi?rent  poaitiouii,  it 
may  b©  coiiflidered  a£  revolving  rmind  a,  vertictti  axis  ;  and 
w  this  di>»  not  cwncidc  nitb  tho  m&gnotm  AJtia,  tho  reitr 
tne  tDJigtielic  position  of  tliy  diaturbing  purtfl  of  tlie  (ihip 
and  nf  the  correcting  pUle  will  bu  alti^rod,  bo  that  they 
Till  not  mntLDue  to  ontiiiT.oract  rich  other  In  high  nug- 
netw  latitudes  th^  correcting  jAttie  wru  tuwd  with  miac^as. 
Bill  when  iron  shTps  hf>cB,me  commftn,  &  correction  of 
tfae  effect  of  tbe  iron  upon  the  ehip'B  cDrnpace  to  tho  gene- 
nl  (aM<  became  necewary,  Mr,  Airy  devimd  the  meaiw 
nf  maWing  thfv  correction^  By  pUcing  a  magnet  and  a 
muB  of  iron  in  cprtnin  pointion^t  n^ljitiv^  to  tho  cnmpa». 
tlw  flfifeei  ftf  the  rout  of  thr*  iron  in  tho  flhip  h  nompIetflW 
MOOtenuted  in  ali  positions,      Se^  /'^z/.  Trans.  183G. 

(t>.)  p-  $3.  T  hav?  Ptstcd  in  the  text.  s«  1  hftd 
written  bt  thp  first  Adition.  th^t  thp  facts  nhich  hav^  beeji 
«(bltMTtrd  in  £«Trc«tnrLl  niagnotisin  appear  to  anntt  the  hrind 
of  |h«  Ihenrbt-  But  the  Ruhjcct  httf  i^rcady  been  taken  up 
by  a  tbeonst  {M,  Gausa).  not  inferior  to  any  of  tb©  great 
maUumatirirLnH  who  compleE«d  the  theory  of  gra¥it&tion; 
•nd  inAt.i1iitinn»  have  hccn  e^tahliahed  for  extending  th* 
otOMtion  of  the  fnctd  portaining  to  it.  nn  a  scale  which  etn> 
ni«a  Magnetism  into  rirompPLninnfihjp  with  Aatronofay'  M^ 
RMrtMn'a  Ma^itfit^TM  dvr  Ertlf  was  pubUobed  in  181!^, 
HiA  eonclDMona  r«Bp<«oting  the  pMitton  of  the  four  nuj^' 
Biiiir  **  paIm"  Aintwl  "O  much  interMcr  in  hi»  own  iviuotT 
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that  the  Numegiau  Storthtng^  or  ptrliament,  by  a  unanU 
tnoiu  vute,  pi>jvi<It^  fuada  for  a  magnetic  ejrp«dltion  whioh 
h&  wfts  to  conduct  lUoTig  the  north  nf  Eitrope  and  Aaift ; 
and  this  they  did  at  Lbc  very  titao  wben  they  rehi&ed  to 
make  u.  gruit  to  thv  kin^  fvr  building  &  pabuw  at  ChHs- 
tianiji.  The  expedition  was  made  in  182S— 30,  and  verified 
Hnnateen'ft  n-nticipation^  oa  to  the  ev.i3tfnru  of  a.  region  of 
magnetic  <!onv«rgonoe  in  Siberia,  which  he  cotisidurod  a£ 
indioatiag  a  '^  polo"'  to  the  north  of  that  country.  M- 
Enaa.li  nho  travelled  ruiuid  th^  trarth  aX  the  same  tiaie, 
nuJung  magnetic  obe^natioDH. 

About  tho  BADio  time  another  magnetical  phenoutenoa 
attrai-lifd  attention.  Beaidtis  thv  generd  motiou  of  the 
magnetie  poleu^  and  the  diurud  uiovemente  of  the  needle, 
it  vfQji  found  that  small  'm\A.  irrcgakr  (li^turbiLucea  take 
place  in  i1^  position,  ^kich  jM.  do  Humboldt  termed  luai?- 
neiic  elormt.  And  that  whieh  exeitud  a  strong  inLorost  on 
this  subject  woB  tbe  iliecovery  that  theati  magnetic  atorma* 
seen  only  by  philoftophera  who  watoh  the  needle  wilh  mi- 
cTfBcopic  eiactneaa.  rage  Fiimultanpoualy  over  lai^e  tractJ^ 
of  tbe  flurfooo  of  our  globe.  Thia  was  detected  about  \8Z5 
by  A  Gompariflon  of  tbe  obeervationB  of  M.  Arago  at  FnTvi 
with  uiinultaneouH  obBcrratioiia  of  M>  Kupffor  at  Knuan  in 
RuE^io,  dJHtant  more  than  47  degreea  of  longjlude- 

At  ibe  instance  ofM,  de  Humboldt,  the  Imptjnal  Aea- 
demy  of  Russia  cdoptfMi  with  xenl  tho  proAf^cution  of  thu 
inquiry^  and  formed  a  chain  of  magnetic  stations  acroiw 
the  whole  of  the  Kutwan  empiro,  Maguctiu  obBurvutionfl 
were  eBtJLbliHhe<i  at  P^turdburg  jt.ad  at  Koi^n.  and  uorre- 
■pijuding  obflervat  iohb  were  made  at  Moscow,  at  Nicolaieff 
in  tho  Crimea,  and  Bamaoul  and  NcrtcTiinak  in  Siberia,  at 
Sitka  in  Ruwian  Anierica,  and  even  nt  Pekiti.     To  theau 
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mvi^tetio  BCjitioJin  the  KiisstnTi  goremmr^nt  Aftcmnrdii 
*i(I«J,  CatliariDeburg  in  Ruffiia  Pr^ippr,  Hclsingfors  m 
Finland^  Ttdflis  ■□  Ueorgian  A  oomf^riaon  of  tbu  ri'BiiItfl 
C^bUiaeii  at  r>ur  of  tKe&e  ptiLli^jue  maiie  b^  MM.  de  Hum- 
boldt »nd  Dove,  in  the  jpar  1830,  shewed  that  the  mag- 
litfiAC  dEaturh]Ltica§  were  aimultaneouB,  n^nd.  were  for  tha 
[inast  parallel  in  their  progrcsb. 

ImporUnt  «tepa  in  tho  pr<MooutiuD  of  tliis  subject  were 
man  after  mftde  by  ^1-  G^tUds,  the  gn^at  jiiMthi;[naticl:kn  ef 
Cinltingan.  He  contrived  instnimi^iits  and  luudea  of  ub- 
ACTT^iion  far  more  peHei^t  than  any  bc'Bre  t^mptoyed,  and 
«ff]^aiiiEod  a  ^^tom  of  comparative  obscrvfLtioiu  fiiroughout 
Europe.  Ilk  IS35»  Btations  for  iWm  puqmae  were  (^Hta- 
bliahcd  ut  Altuiiaf  Augubufg,  Berliu,  Broda*  Broalau, 
Copcaihagen,  DubiiLi.  J'Veiberg.  Gcittingen,  Greenwich, 
HaBovor,  Leipsio,  Marburi^.  Milan,  Munich*  Petersburg, 
Scoikholm,  and  CpsaliL,  At  these  pJacoa.  bU  ttmcA  in  the 
jc*r,  ohflenBtiem  wero  tukeu  bjutultnunoufly,  nt  mtorvuk 
of  fttv  mjfiuteb  for  24  h^ura.  The  iUnfitt^  u/  tha  Magudic 
jtttudalioH  (Rti»ultateD  de«  Magnctis^hea  Vurt:ius)  tvi-re 
|iublUf<tfd  by  MM,  Gauw  and  Weber*  beginniDjr  jn  msb'. 

Britiith  |»hya!ci«ta  did  not  at  Bret  take  any  leading  pirt 
in  these  plans.  But  in  1830,  Baroti  Humbddt,  who  by 
Ilia  IdTtg  labours  aud  important  dJ^fcouevies  in  thia  subjeot 
tnigfat  be  c'Jimidpred  as  pevuHnrly  entitled  to  urge  itc 
daiirw.  iddreft^ed  a  letter  to  the  Duke  of  Susaex,  thea 
Vtrmdtfnt  of  the  Rojal  SoeiftVT  asking  for  the  eo-oppra- 
licin  of  Xiin  <uiiiTary  jn  so  Large  and  hopeful  u.  tM;hetnG  for 
liie  [>romotioii  of  acionee.  The  Royal  Suutfty  ttiilLD,[;ly 
nlvrtainod  thla  nppvat ;   ajid   the  progress  of  the  ouue 

*»  (itlll  fuTlhfT  ['roninted  when  it  wa*  /eaT'      ^     '    '    

t^  ihr  ItrilJhh  AjifliH-iation  for  thu  AdvonRUEU' 
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M«eiableil  at  Ndwcaaile  In  IsSti.     Tbu  AssociMion  ihuro 
eipreaaetl  ita  strong  intprcst  in   tlie  iiBrmrtn   syatein  of 
magnetic   obsorvotiuitti ;    and   at   the   irmtigation   of  Hue 
body,  and  of  tke  Royal  Societ)^,  four  complete  ma^eliol 
obBervstorioa  vera  establiahed  by  tbe  British  go^imment^ 
At  Toronto,  St.  Helena,  the  Capo  of  Ijood  Hope,  and  \'an 
Diflraan's  Land,     The  muuificeiiuo  of  tbe  Di^ecl^^TB  of  tliu 
Eut   Ijulia  Campooy   founded   and   fuiwbuJ    an   eqiial 
Qumber  at  Simla  (in  ihn  lliujalayoh),  Moilrv,  Bombay, 
and  Siuvjipore,      Sir  Tbcmait  Briabarko  added  another  at 
hl»  own  exp^nai?  at  IveliM,  in  Scotland.       Besides  thifi,  the 
gOTemmont  aont  out  a  naval   eirpfiditLon  tn  make  diBOO 
verioB  in  the  Antarctic  regions,  under  the  command  of  Sir 
Jam^H  RoBH.      Otber  utateu  lent  Llii'jr  a^iutaneL'  altio,  and 
founded  or  reorgaixiiied  their  magnetic  observatories     B4^ 
dde«  those  aIrofl,dy  metitioned,  on^  was  cstabli^ed  by  the 
French  government  at  Alters;   one  hy  the   Belgian,  at 
Bma^ule ;   two  by  Aurdtria,  at  Pm^e  aud  Milan ;   one  by 
Pruaaia*  at  Brodau ;   one  by  Bavaria,  at  Munich ;   one  by 
Spain,  at  Cadiz;   there  are  two  in  tbu  (Jnitcid  Stales,  at 
Philadelphia  and  Cambridge;  one  at  Cairo,  founded   by 
the  Pafiha  of  ICgypt ;  and  in  India,  one  at  TrevandnimH 
eBtablishi^  by  the  Rajak  of  Travaneoff^ ;   and  rme  by  the 
King  of  Oude,  at  Lueknow^     At  all  theeu  dibtajit  etationa 
the  same  plan  mi£  followed  out,  by  obeurvatiom  strictly 
miQultaneoUA,  made  a«^ording  to  the  aame  metbods,  with 
the  name  inatrumontal  meana.      Such  a  aeheme,  combining 
world-wide  aiitent  with  tbo  singleness  of  notion  of  on  indi- 
vidua]  miLid,  is  hitherto  without  parallel. 

At  Gret,  the  British  stationa  were  eatabliahed  for  t^trce 
years  only;  but  it  waa  thought  advieable  to  extend  thie 
period  three  yeari  longer,  to  end  in  18*5,    And  when  the 
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inrwiri&tion  of  that  pcrioil  arrivn}^  &  dlacirnaion  tva«  held 
OBong  tho  mAgTtetidanq  tbomi^alvcs,  whether  it  tvM  heiu^r 
to  oontiiiuir  th^  oLfiE^n^fttlonB  ^tilL  or  to  exojnine  and  oom- 
p*l^  the  vffjft  maea  nt  ol>s«rvatioiiK  already  coUot'tod^  so  m 
to  ■««  to  whjit  resulU  aad  iniprovcoi^nU  of  metbodti  Lliuy 
pointe>d,  Thifl  ijueation  was  argued  at  th(^  meeting  o(  tha 
Rrttidi  AvooiRtian  at  C&mbndge  in  that  ye&r..  &nd  the 
eoDft^rr^oe  cniLed  in  the  nia^^^ticlaQB  requesting  to  have 
Cli6  obflerFAtioDS  contiaucd,  at  some  of  the  obfii.<rvatnrirK 
br  an  indefinite  iicriod,  aX  others  tiii  the  vear  iHiH.  In 
lb«  meAn  time  tht'  Antiui^tic  expeditiuD  had  bmught  back 
1  neb  store  of  observatJODd.  fitted  to  diacliue  the  Tuagnetic 
eondilion  of  thcw?  rp^nna  xvhich  it  had  eiplorpd.  The^e 
vrra  dtMUM&d,  and  their  resutts  exhibited,  in  the  PhUo- 
mpAieai  Tranaacivma  for  1843-  by  Cob  Sabine,  who  hod 
biidwlf,  &t  lariouA  pen<>de,  made  magnetic  olmunationfl 
in  the  Arctio  regiont»  tnd  in  sorenJ  remote  part^  of 
lh«  ^obe,  and  hftd  atwnys  b^en  u,  zealnua  InbouTer  in 
ihifl  fhiitful  TiL'ld,  The  ^-neral  moas  of  tho  obaonations 
WW  pln^rpd  under  tlm  nuuinKi^iucint  of  Profeaaor  Lloyd,  of 
UubtiD,  who  has  enriohed  tl^  ecieuce  of  maffnetism  with 
a»v«rat  valuable  infltrumenta  and  methodft,  aod  who,  aloTig 
vkh  Cob  SaMne,  mado  n  magnEtio  survey  of  tbo  BHtiah 
lalcfl  in  1835  and  t83(i. 

1   do   not   dw^ll   upon   nmgnctii:   eurvoyH   of  various 
lri«B  mAtlo  by  uiiny  oxcuHent  observers;  a«  M^f.  Quo- 
Uvt,  Forbea«  box.  Tlocbi;  and  otiiera. 

The  frtcta  obeerved  at  each  station  were,  l,he  iritfanly 
of  the  magnetic  forre;  tbo  dttlijuition  of  thfr  neodic  from 
UhD  mimdiAn^  Bouivtinwa  called  tha  tunaiwn  i  and  its 
mdiwthvn  to  the  hc^Hlon,  or  M^  c{7;> ; — or  nt  leiyti.  ioniv 
«l«tM<lt«  t^uivalcnt  t>*  the«c,    Tbi^  *al«K>«  of  LhoH*  i-teinntti 


n 


NOTES   TO  BOUK   X[l. 


ftl  aaj  given  liiiiei  if  known,  cau  bt?  e^pretai-d  liy  obartfl  of 
the  earths  aurfacti,  on  wliitOi  aire  drawn  lUe  ifi/iiyimmic, 
UoffoTial^  and  isocHttal  curvea.  The  second  of  these  kinds 
of  chartB  conldn  the  ^'Halleiaji  Ifnes"  Bpohon  of  in  page 
C2-  Moroover  the  niagiiotia  dLmentit  at  caoh  place  are  to 
be  ohfierved  in  each  n  manner  au  to  detemuDG  both  their 
ptriodieal  variatioud^  (tlit-  chaugva  whitjh  oci^ur  in  the 
poriod  of  a  day.  and  of  a  jear.)  the  s^aiar  chao^,  lu  the 
gradual  increase  or  dirninution  of  the  declination  at  the 
BOMUc  plai^L^  for  miiny  yoai-s;  and  tho  irr^aSar  flactuatjons 
which,  OB  yvv  hav(i  said,  aiv  ^imult^neoua  over  a  large  port^ 
or  tho  wholOf  ^f  thu  Lorth'a  huHooo. 

When  thew  Facta  have  been  aeoertained  ovur  the 
whole  extent  of  the  iflLtth^a  aurfaci;.  we  ahiLll  &lill  luivp  to 
enquire  what  is  the  CaaaG  at  the  changes  in  the  fori:efl 
which  thtflc  phonomona  diacloaE:.  lint  a&  a  hafii^  for  all 
ajMrcniation  oti  that  auhjocl,  wa  laiwt  know  tho  law  of  tha 
jthenoiuenit,  mid  of  the  foroea  which  immediately  produtw 
thenj.  f  hnv^  already  B.tid  tlutl  Eulvr  trim!  to  account  for 
thfi  llallein.0  liiieg  by  means  of  tica  magnetic  *^  poles/'  but 
that  M.  Hnniiteen  conceived  it  nceesea^ry  fj}  iiaaunie  fintr. 
But  an  ontJiM.-ly  now  light  ha^  born  thrown  upon  this  fluh- 
juet  by  tho  bc'SLutirii]  invert tigatloriR  of  Gant^a^  ix\  \\va  Tfi^oiy 
of  TfirrBsfriaS  Magmstinii.  published  in  1^9.  He  remarks 
that  the  teim  "  puleu."  as  used  b^  his  prEMlf<ceaBor^  in- 
volves an  H«fiumption  arbitrary,  and,  a«  it  ia  now  found, 
false ;  namely,  that  cortziin  definite  points,  two,  four^  or 
more,  acting  according  to  the  laiv*i  of  ordinary  magnntiiial 
polen,  wifl  I'xplain  the  phenomena.  He  starts  from  a  more 
comprohenfiLve  aegumptioij,  that  nubgrteLiani  ie  distributed 
throughikut  the  mabs  of  the  earth  in  an  unknown  manner. 
On  this  iu&umption  he  obtain*  a  function  F.  bj  the  dif- 
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frrcniiiU  of  wluch  the  elements  of  tJie  m»giTctic  ^jrw  at 
an^  pi>int  tvill  be  cipre^s<^d.  Tlib  fuiictron  Vis  well  kaovm 
in  |>hTaii?a1  .iaf,r*mnmy»  and  w  obtain^  by  BtimmJng  all  the 
rlrmnitn  of  nijignetip  force  in  oach  partic]f>,  each  iniilti|iliui1 
\iy  Uj>j  rt'ciproooJ  of  its  diitt^ncic  ;  or  o^  v^ai  lEJ/iy  cxpreui  it, 
by  lakiiig  tJjtf  (jum  of  each  dtiiuont  MJid  lU  proTtJmity 
jo!utl/>  Hence  it  hae  Iwen  proposoiL  {Qiuirt.Itft.  N".  131, 
|t,  283,)  to  t4>rm  thi^  funi^tion  the  '  int^tal  proxtimitff'  of 
Uii<  ittrocting  moefl'-  By  iisin^  the  ninet  retincd  mrLtho- 
DkAt«<«l  artifiui*  for  ileduuing  Iho  vuJuos  of  V  ami  iUt  dif- 
imnij^  ia  oonvorging  tterice^  he  i«  abk'  Lt>  lieiivc  the 
''■nflHcipntB  uf  ibcstt  ledtn  froju  the  observed  nia^Gtic  ele- 
rocaU  At  certain  place*,  and  UeouHj  to  calculate  them  fnr  all 
pboea.  Tho  compftrieon  of  tht  oakuUtion  with  the  observed 
rantte  in,  of  {jourse,  tbp  tfflt  nf  the  trutli  of  iho  ihwory. 

Tbti  degree  of  oinvvrgonutf  of  the  raries  depenils  upon 
iXvt  tmkuown  distribution  of  ina^ietium  within  the  earlb- 
"  ir  we  o<.iuld  vei^ture  to  afi^umc,"  says  M.  GauiU,  **  that 
iSt'  roMnbtTB  have  a  sensible  influence  only  a*  far  as  the 
funrlb  oriler,  complete  observations  frfhm  eight  points 
irnold  be  aufficicnti  theoretically  conHidered,  for  the  detcr- 
liiation  of  tiie  cocfticiantti,"  And  under  oortain  [jmita- 
nuLing  thifi  assumption,  am  the  beftt  we  can  do  at 
rt,  M.  Gausi  obtain*  from  eight  plaocs,  5i  coeffi- 
it«  (each  place  supplying  throe  elofnents).  and  hence 
L  the  magnetio  olemente  (intcnsilji  variation  and 
■tip)  M  m  pJa^^ee  in  all  putia  of  ilio  earth.  He  lindd  hip 
CttlodationM  approach  the  otiHTved  vjilues  >vith  a  degroo 
(ff  vaactD^  which  appKirs  to  be  quite  convincing  ha  to 
lb«  g^ner^  iruvb  of  biH  raaulta;  espocialJy  taking  into 
araount  how  intirely  nnliinilcd  U  his  original  hypothvfii^. 

'  Viite  ihcr    Iddttiiriy  mi.  lb?  ^il  of  (Tiih  XoLr 
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It  ifi  one  of  tlie  most  cuHoub  re«altK  of  ihi^  Inv^fltl^- 
tion  Ihat  ncconling  to  thci  uoat  simple  meaning  whlolk 
we  caJi  givu  to  the  term  "pole/''  the  earth  h^  only  Cmv 
magQotic  polca;  that  is,  two  points  whcro  the  dixvation 
of  the  mngtictit^  forco  is  vtjrtiool-  And  thus  the  isotjoHQi 
Mtr»fl  may  bt-  looked  upon  ab  iI-e/oTHirjithua  of  Llie  cLirvia 
deduced  by  Huler  froni  the  auppowtion  of  two  proles*  the 
deformation  brining  fi^om  this,  that  tha  earth  does  not 
cfkntuin  a  singlo  dotirite  mn^et,  but  irrogulartj  did'ti^ 
mn^GlieJil  tlemonta,  wbii^h  tbiJI  havo  oollirctiveJy  a  di?trmt 
rtiflUmbUiiL'u  to  a  single  nia^et.  And  Instead  of  Uan- 
Ht^eo'a  Siberian  poie.  we  have  a  SibeHftii  re^on  in  wliu*h 
the  needles  convc^rge  ;  but  if  the  cpparonb  eonvfrgi^nce  b< 
pursued  it  nowhom  onmos  tt>  apnint;  and  the  h'ke  is  the 
uaae  in  the  AnUrctic  region.  When  tho  £4  Gau^vi 
elemKGta  at  any  time  are  known  the  raagnolic  condition 
of  the  globe  \»  known,  just  bm  the  mechanical  condition 
of  the  flolur  eyatom  ia  known,  when  we  know  tho  elements 
of  the  orbitfl  of  thf?  eatEFllitra  and  plnnota  and  the  maas 
of  each.  And  the?  cou]|)KJ"iHtni  of  thiri  niagiiDiiu  condition 
<if  thii  globe  at  distant  periiHla  of  time  cannot  fail  to  sup- 
ply miLtoriaU  For  future  ree^rches  and  speeuhttious  with 
regard  to  ibc  agoncie^  by  which  the  condition  of  the 
earth  jfl  determined  The  condition  of  which  we  hero 
«peak  must  tisGc8.^r!]y  bf^  '\\a  jRechanirQ-chen^lcal  cnt\^\t\fi\\t 
bein^  exprei«od,  o^  it  will  ho,  in  tonus  of  the  mi^ohanjeo- 
ehetmoal  soif^nc^s.  The  invostigationa  i  have  been  de- 
bribing  belong  ti)  the  rawhanical  aide  of  the  Hubject ;  but 
when  philoeophera  Kavo  to  consider  the  causoa  of  tho 
BEFCtilar  chnngi.td  wliit'h  arc  found  to  occur  in  this  mechi^ 
nical  condition,  they  winiiot  fail  U\  bo  driven  t**  oloctrioaU 
that  ifl^  ohiimioal  agimcice  and  liLwe, 
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I  obti  only  ^udu  to  GiluabV  mvmtigatKiTm  rfwpf<oting 
tlw  JbtohUt  Jleafure  of  ihti  KixTth'A  Magaulit?  Fun^t^  To 
ilvUmiuite  the  ratio  nf  HiH  magu^-lic  foitre  uf  the  ^artb  to 
tlut  of  &  known  mn^ol,  Poifi^oti  proposed  to  obsoiTo  the 
tini^  of  vibration  of  a  second  mftgnet.  The  metho<l  of 
(Uiiii*,  nnw  nuivorvalEy  adopted,  ooiiftj^s  in  obAorving  die 
poftitioD  a(  equilibrium  nf  tlio  snotitt  tnugiwt  i^hcn  de- 
0(ict«cl   by  the  hm. 

Th«  laAnner  in  which  the  bugiiiGsa  of  magnelic  obaei^ 
Vltiftn  haa  hepn  taken  up  hy  Uxg  ^ovomments  of  our  time 
inakni  this  by  far  the  greatest  sciciiliftc'  uTidi?r|j^king  which 
ihtf   world   hu  over  eeoQ'     The   remit   vi'iW   be  tbut  we 
■hoU  obtain  in  a  few   yeuja  a  knnwliKlge  of  the  ina^etia 
eoovtitution  of  ihi?  earth  wliioh  otlierwise  it  might  buve 
iMoireil  centuriofi  to  accumula-te-      The  secular  mi^netio 
ckvigi*  mLiat  Riill  require  along  time  to  redu4:e  to  their 
bwm  of  phtnomenft,  excflpt  obntrvtttioa  ho  autioJpaltui  or 
MBflt^d  by  HOQie  hajipy  dt&covery  as  to  the  c&usee  of  theN 
rfuiug€«.    But  b<wii.li?fi  thu  Bpeoia]  ^a.al  to  inn^etic  science 
by  ihia   ^ejLt   plan  of  joint  nction   among  tbo  nations   of 
tJx*  eurtK  thAn^  u  thereby  a  b4?ginrLiog  m.vle  in  the  reco^ 
nititm  nnd  L'xccution  of  tho  duty  of  forwarding  Bck'nof;  in 
gcuornJ   by  uati^jniU  exertivn'^,      For  -.il  nioit  of  the  m^- 
twiic  ubaerratioiiB,   meterolo^e-ai  obsemtiona  itro  aldO  car- 
ried on;  and  suoli  ohftorvntionft,  b<?Jiig  far  more  exteuHive, 
■yitem^a  and  ppnnani?nt  than  thow  which  have  QHually 
b«en  m^de,  con  hardly  fail  to  produce  important  adlitions 
to  i«eDoe-      Hilt  nt    any   rnte  they   do   for   scieuce  that 
vbUi  Daciomi  can  do,  and  individuals  cannot;  And  they 
mmk   for  scientific  truths  in  b.  manner   suitable  to   the 
r<if«ei    new  proftwMid    for   ^^ietlL^c!  and   to  the?  pngrov 
ntbdi  its  mi^thnda  havi^  made.      Nor  nra  we  lo  ovorlook 
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the  effect  <if  micb  observation?  as  tneana  of  training  m 
in  the  pui'Buit  of  ficienccf  "There  Is  amoogpt  ur,"  aayfl 
one  of  the  mngnetio  observers,  *^  a  growing  recognition 
of  tlie  impi'rtimct*,  both  for  acienco  and  for  pruclicaJ  life, 
of  forming  pxact  obeerverH  of  nature.  Hitherto  nBtronomy 
alono  has  afforded  a  very  partinl  oppurlunity  fi>r  the  for- 
mnlion  of  fine  observers,  of  whieh  few  could  avail  thom- 
bv\\GS.  Experionee  has  Bhown  that  magnctio  obBervntions 
may  fiorve  a&  OKoallont  training  hoIiooIq  in  Lliis  rofipect.'* 
LBttBT  of  W,  Weber,  BriC.  Jsmc.  B^.  ia45,  p.  17. 
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Addition  Pt  NoU  fn)' 

The  fuDcUon  V^  mentiunecL  p,  73^  ifl  of  ooiut^nt 
OGOurrenoe  in  inveati^tionH  r^ectin^  attractions.  It  U 
introduced  by  Lapla<!e  in  his  invealigationB  Trappcting  the 
attmotions  nf  pphoroids,  Mt-r.  Cel.  lAvr.  in.  Art-  4.  Mr, 
Green  and  Prof.  Ma&CuUagh  hnve  proposed  to  term  this 
function  the  Pofa/iiial  of  the  Byetem ;  bat  this  terra 
{though  fluggoBted,  I  suppoae,  ty  analogy  with  the  aub- 
fltantive  E^'ptm^nfial,)  Antr^  not  appear  conveniont  in  ita 
form-  On  the  other  hand^  the  term  Inttkjrfil  Pro^riaity 
does  not  indioaio  that  which  ^'ven  the  function  itfl  peculiar 
claim  to  dietinetien ;  namely^  that  Ur  d[ffen?ntiale  eKpresa 
the  power  or  attradJou  of  tho  syfitem^  Purha])a  ItUe^ral 
Poietiitalitp,  or  Inffpral  Jttractvinf^/,  would  be  a  term  com- 
bining the  recommendationa  of  both  the  ochen. 
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VOLTAIC  ELECTRICITY. 
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PercuasE  g^hdo  trepiduit  sub  pecton  fibnt, 
Et  noTA  drauetid  sabrepcoB  vita  mcduUu 
Mucetur  morti ;  time  omnia  palpitat  artun 
Tmduatur  Darri ;  mc  ac  teUon  codarcr 
PaiiUatim  pet-  membm  levat;  territqiie  Feptilnun  eat 
EtTctumque  simuL. 


The  form  which  lay  before  inert  and  dead, 
Suddtn  a  pierdng  thrill  of  change  o'eiBpraad ; 
Returning  life  B:1eaniB  in  {hp  gfony  fac¥, 
The  fihna  quiver  and  the  smrws  brace, 
MoTc  the  stiff  limbd ; — nor  did  the  body  rise 
With  tempered  stirngth  which  genial  life  auppliea. 
But  upright  starting>  ita  full  stature  held» 
Ab  though  the  eanh  the  aupino  cone  repellnl- 


CHAPTEk  [. 
DistxjvKRY  OF  Voltaic  Electricity. 

WE  liave  given  the  name  of  mechamwcfiemi- 
Ctf/lothe  class  of  scienres  now  under  our 
eonsider^ttiun;  for  tlK*se  sciences  are  concerned  with 
caiAPS  in  which  mechantcfil  effects,  that  is,  attrac- 
tions arid  re'pulsions.  are  produced;  while  tbe  con- 
ditions under  which  these  effects  occur,  depend,  as 
Wf  shall  hereafter  see,  on  eheniical  relatiouB.  In 
that  hranch  of  these  sciences  which  we  have  just 
treated  of,  Magnetieiii,  the  mechanical  phenomena 
were  obvious,  but  their  connexion  with  chemical 
causes  wa^  by  no  nie^ius  apparent,  and.  indei^dr  has 
not  Tct  cciine  uiid^T  our  notice, 

Tbp  iubject  to  which  we  now  proceed,  Gal- 
rani^ni.  belongs  to  the  same  group,  but,  at  first 
^ght,  exhibits  only  the  other,  the  chemical,  portion 
of  the  features  of  the  cla^ss;  for  the  connexion  of 
giUrcmic  phenomena  with  chemical  action  was  soon 
nud(>  out,  hut  the  mechanical  eftects  which  acc^m- 
ftuiy  thenj  wert^  not  rxHuuiied  till  the  exaniination 
irifl  retjuired  \>y  a  new  train  of  discovery.  It  is 
to  bt*  unserved,  that  I  do  not  include  in  the  class 
of  mechanical  etfects  the  convulsive  motlouB  in  tbe 
limbs  of  animals  which  itre  occasioned  by  galvanic 
aeliuii ;  for  tln*se  iTirn'onif'nts  are  pniduccd,  uol  by 
attmction  and   rcpuMion.  hut  hy  niUHcular   ^rrittt- 
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bility;  and  thoiigli  tliev  indicate  th<?  existence  of 
a  ptHniliar  a^fncv,  cannot  he  us^d  to  measure  its 
intensity  and  law. 

The  various  examples  of  the  class  of  ^ents 
which  we  here  cousider,— magnetism,  electricity, 
^IvanLsni,  electro-nia^etism,  thermo-electricity, — 
differ  from  each  other  principally  in  the  ciroum- 
stances  by  which  they  are  called  into  action ;  and 
these  diHerences  are  in  reality  of  a  chemical  natia*, 
and  will  have  to  be  considered  when  we  comr  to 
treat  of  the  inductive  steps  by  which  the  gpencral 
principles  of  chemical  theory-  are  establii^hed-  In 
the  present  jtart  of  <.pur  task,  tht'rt^fore.  we  must 
take  for  ^rantinl  tlit.-  chcmioivl  conditions  r»n  which 
the  excitation  of  these  various  kinds  of  action  ile- 
pends,  and  trace  the  history  of  the  discovery  of 
their  mechanical  laws  only.  This  rule  will  much 
abridge  thfr  ai^eonnt  we  have  here  to  ^ve  of  the 
proe;ress  of  diacovery  in  the  provinet-s  to  which  I 
have  just  referred. 

The  first  Ktop  in  this  career  of  discovery  was 
that  made  by  Gfilvani.  Professtir  of  Anatomy  at 
Bologna.  In  1790,  electricitys  as  an  experimental 
science,  was  nearly  stationary.  The  impulse  given 
to  its  pra^fress  by  the  splendid  phenomena  of  the 
Leyden  phial  had  almost  died  away:  Coulomb  was 
employed  in  systematizing  the  theory  of  the  electric 
fluid,  as  shown  by  its  statical  effects;  but  in  all 
the  other  parts  of  the  subject,  no  great  principle 
or  nt^w  result  had  for  5iome  time  been  detected. 


DISCOVERY  OF  VOLTAIC  ELECTftlCm'.        SI 

The  first  announwnient  of  Gulvanis  discovery  in 
1701  (^xdtod  great  notice,  for  it  was  given  forth 
as  a  maniftistation  of  electricity  under  a  new  and 
remarkable  character;  namelj,  as  residing;  in  the 
muscles  of  aiiuiialii'.  The  limbs  of  a  dissected  frog 
were  observed  to  move,  when  touched  ^vith  pieces 
cf  two  different  metals;  the  agent  which  produced 
these  motions  was  conceived  to  bu  idciLtified  with 
electricity,  and  was  termed  amvttil  elt<:tricity :  and 
(ralvani's  experiments  were  repeated,  with  various 
modifications,  in  all  parts  of  Europe,  exciting  much 
curiosity,  and  giving  rise  to  many  s|>eculationB, 

It  is  our  business  to  determine  the  character  of 
etch  great  discovery  which  appears  in  the  progress 
of  science.  Men  are  fond  of  repeating  that  such 
dUcoveries  are  most  commonly  the  result  of  ac- 
ddent;  and  wo  have  seen  reason  to  reject  this 
opinion,  since  that  preparation  of  thought  by  which 
the  accident  produces  discovery  Ls  tlie  most  inj- 
jKrrtaTii  of  the  conditions  on  which  the  successful 
event  depends.  Such  accidents  are  like  a  spark 
whidi  discharges  a  gun  already  loaded  and  pointed. 
In  the  case  of  Gahani,  indeed,  the  discovery  may, 
with  moru  [iropriety  than  usual,  be  sard  to  have 
been  casual;  but,  in  tbe  form  in  which  it  was  first 
noted,  it  exhibited  no  important  novelty,  llis  frog 
was  lying  ou  a  table  near  the  conductor  of  an  c\qc- 
tricol  machine,  ajid  the  convulsions  appeared  only 
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when  A  spark  wns  taken  from  the  niachiue.  If 
Gatvani  had  been  as  gcxKl  a  physicist  as  h<3  was 
an  aaatomis-tj  he  would  priHiahly  havo  scon  that 
tlie  movomerts  eo  occasioueil,  proved  only  that  the 
muscle's  or  nerves,  or  the  two  together,  formed  a 
very  sensitive  indicator  of  electrical  action.  It 
was  when  he  pruduced  such  motions  by  contact  of 
metals  alone,  that  ho  obtained  au  important  and 
fuDdamental  fact  in  science. 

The  analysis  of  this  fact  into  its  real  and  essen^ 
tial  conditions  was  the  work  of  AIeAa[ider  VolCa, 
anotlier  Italian  professor,  Volta.  indeei  possessed 
that  hnowledtje  of  the  subject  of  electricity  which 
made  a  hint  like  that  of  Galvani  the  basis  of  a  new 
scienr.'C.  Ctalvani  appears  never  to  have  acquired 
much  general  knowledge  of  electricity:  Volta,  on 
the  other  hand,  had  laboured  at  this  branch  of 
knowledge  from  the  age  of  eightcou,  through  a 
period  of  nearly  thirty  years ;  arirl  h/id  invented  an 
deztropkorus  and  an  dectri^^ai  cojidt'itser,  which 
showed  great  experimental  skill.  When  he  turned 
hha  attention  to  the  expcnuiontf^  made  by  Galvani, 
he  observed  tiiat  the  author  of  tlien*  had  been  far 
more  suqirized  than  he  needed  to  be,  at  those  re- 
sults in  which  an  electrical  spark  was  produced; 
and  that  it  was  only  in  the  cases  in  which  no  sucli 
apparatus  was  employed,  that  the  observatioDS 
could  jubily  be  conSLdercd  as  indicating  a  new  law, 
or  a  new  kind  of  electricity'.     Ilo  soon  satitificd 
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himself  (ahoTit  1704)  tliat  the  cast^ntiiLl  fionditions 
tii"  tliU  kind  oF  action  ilopeiidod  on  the  metals; — 
that  it  IB  brought  into  play  most  decidedly  when 
twri  diftbrent  netnls  touch  each  other  and  are  con- 
nected hy  any  nuilst  hody; — aud  tliat  the  parts  of 
tkitimals  which  had  been  used  discharged  the  office 
both  of  such  moist  bodies,  and  of  verv  sensitive 
electrometers.  The  (tnimiil  ehjetrieity  of  Galvani 
mighty  he  observed,  be  with  more  proprietj'  called. 
metallic  electricity, 

The  recognition  of  this  agency  as  a  peculiar 
liim]  oT  eh'dririf^f^  arose  in  pnrt  pi^rlmps,  at  first, 
IK«n  the  confusion  made  bv  Galvani  between  the 
«aan  in  which  his  eleetrieol  nia<?hinc  was,  and  those 
in  which  it  was  not,  employed.  But  tho  identity 
WAS  confirmed  by  its  being  found  that  the  known 
dtflhrcncc  of  electrical  conductors  and  non-conduc- 
lors  ngnlated  the  conduction  of  the  new  influence, 
TIjc  more  exact  detcnutnation  of  the  relation  of  the 
lu^w  facts  to  tboso  of  rU^ctrlcity  was  a  succeeding 
bU^  of  the  protjTc^s  of  the  subjectn 

The  term  *' animal  electricity"  has  been  super- 
by  others  of  which  fiahonism  is  perhaps  the 
most  familiar.  I  think  it  will  ap]»f*ar  from  whathas 
been  said,  that  Vo I ta's  office  in  this  di^fcovery  i.s  of  a 
marb  higher  and  more  philosophical  kind  than  that 
of  Galvani ;  and  it  would,  on  this  account,  be  more 
fitting  to  employ  the  term  roltak  el^^ctricii^f ;  which, 
iiidocd,  IS  vory  commonly  used,  especially  by  our 
moft  rccciit  and  comprehensive  writcnt- 

'  Ew  t'iftbcr,  viii.  t'l'iH- 
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Volta  more  (iillv  still  established  his  claim  as 
the  main  originator  of  this  Bcitnccr  by  hie  lipst  strp. 
When  some  of  those  who  repeated  the  cxperrments 
of  Galvani  had  expressed  a  wish  that  there  WEa 
some  method  of  maltipljing  the  eftcct  of  thh  elec- 
tricity, such  as  the  Leydeu  phial  supplies  for  com- 
mon electricity,  they  probably  thought  their  wishes 
far  from  a  realization.  But  the  Toitaie  pile,  which 
Volta  described  in  ihe  Phifosophical  T}'aitsaclioi\s 
for  1800,  completely  satisfies  this  aspiration;  and 
was,  in  fact,  a  more  important  step  in  the  histoTj 
of  electricity  than  the  Leyden  jar  had  been.  It 
has  since  undergone  various  modiiications,  of  which 
the  most  important  was  that  introduced  by  Cruik- 
shanks,  who*  substituted  a  trough  for  a  pile.  But 
in  0.11  cases  the  principle  of  the  instrument  was  the 
same; — a  continued  repetition  of  the  triple  combi- 
nation of  two  metals  and  a  Huid  in  contact,  so  afi 
to  form  a  circuit  which  returns  into  itself. 

Such  an  instrument  is  capable  of  causing  effects 
of  great  intensity;  as  seen  both  in  the  production 
nf  li^ht  and  heat,  and  In  chemical  changes.  But 
the  discovery  with  which  we  arc  here  concerned, 
is  not  the  dotjiil^  nnd  consequences  of  the  effects, 
(which  belong  to  chemistry,)  but  the  analysis  of 
the  conditions  under  which  such  effects  take  place; 
an<l  this  wc  may  considor  as  completed  by  Volta 
at  the  epoch  of  which  we  speak. 
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CHAPTER   II, 
HECEPriON  AND  CONFIRMATION  OF  THE   DlSCOVETlY 

OF  Voltaic  Electricity. 

GALVANrS  experiments  excitei!  a  great  iaterest 
all  over  Europe,  in  coiisequence  partly  of  a 
drcumstAncc  which,  afi  we  hav€  seon,  WEts  uitus- 
fiential,  tiie  museular  contractions  and  varion^  sen- 
sations which  they  occasioned,  Galvani  himself 
had  not  only  considered  the  animal  element  of  the 
<*ircuit  a^s  the  itirigin  of  the  cleetneity,  but  had 
fratu^il  a  lheoi7\  in  which  he  compared  the  nmscles 
to  char^^d  jars,  and  the  nerves  to  the  discfiarging 
wires;  and  a  controversy  was,  for  some  time,  car- 
ri^-d  on,  in  It^ily,  between  the  adherents  of  Galvani 
And  those  of  Volta', 

The  galvanic  experiments,  and  especially  those 
wliich  appeared  to  have  a  physiological  bearing, 
WffPB  verified  and  extended  by  a  number  of  the 
most  active  philosophers  of  Euro|)e,  and  especiaUy 
WUUam  von  HumboMt.  A  commission  of  the  In- 
etttute  of  France,  appointed  in  ]  7tl7,  repeated  many 
of  the  l\ni»wn  experiments,  but  does  not  st-cm  to 
have  <lecideil  any  disputed  points.  The  researrhL-s 
of  this  commission  referred  rather  to  the  discoveries 
of  GftU-aui  than  to  those  of  Volta :  the  latter  nx-re, 
ittdeed.  hardly  known  iu  Framv  tlU  the  conquest 
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of  Italy  by  Bonaparte,  in  1601.  France  v^a^,  a 
period  of  these  disci>venps»  separated  from  all  i>lher 
eountries  hy  war,  and  cspcciaUy  from  Englind\ 
where  Vf>Ita'a  Memoirs  were  [mblished. 

The  political  revolutions  of  Italy  artected,  in  very 
different  manners,  the  two  discoverers  of  whom  wa 
speak,  Galvaiii  rcfust'd  to  taku  nn  oath  of  alh*- 
glance  to  the  Cisa.l]iine  republic,  which  tht.*  Fn^nch 
conqneror  established;  he  "was  consequently  stripped 
of  all  hia  officea;  and,  deprived,  by  the  calamUii^ 
of  the  time^  of  most  of  his  relations,  ho  saikk  into 
poverty,  melancholy,  and  debility.  At  last  his  scien- 
tific repntatton  Induceil  the  republican  rulers  to 
decree  his  refitor^tion  to  his  professorial  cliair;  but 
his  claims  n'cre  rccogni/ed  too  late,  and  he  died 
without  profiting  hy  this  intended  favoiu*,  in  1798, 

Volta,  on  the  other  hand,  was  called  to  Paris  hy 
Bonaparte  as  a  man  of  science,  aud  invested  with 
honours,  emoluments,  and  titles.  The  conrjueror 
himself,  indeed,  was  slron^dy  interested  by  this  train 
of  research'.  He  himself  foimded  valuable  prizes, 
expressly  with  a  few  to  promote  its  prosecution. 
At  this  period,  there  was  something  in  this  auhject 
peeidiarly  attractive  to  his  Italian  mind;  for  the 
first  glimpses  of  discoveries  of  great  promise  have 
always  excited  an  enthusiastic  activity  of  specula^ 
tion  in  the  philosophers  of  Italy,  though  generally 
accompanied  with  a  want  of  prei*if(c  thought.    It  is 

■  Biog.  Un'iU.^  art.  To/Zfl,  (hy  Blot.) 
'  n«qii*!rel,  Traile  ttKtf  dr.  i.  1 1>^  107. 
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narrated^  of  Bonaparte,  that  after  seeing  Ihe  de- 
composition of  the  Ktlts  Uy  inraiis  of  tho  voltaic  pile, 
he  turned  to  Corvisurt,  bis  phj'sicinn,  and  said, 
"Her^,  doctor,  is  the  image  of  liie:  the  vertebral 
ootumn  is  the  pile,  the  liver  is  the  negative,  the 
bladder  Ihti  positivd,  pole."  Tlie  iruportanco  of 
voltaic  researches  h  not  \e9s  than  it  was  estimated 
bv  Bonaparte ;  but  the  results  to  which  it  was  to 
lead  were  of  a  kind  altogether  different  from  those 
which  thus  siig^^tcd  themselves  to  his  rairid.  The 
oonnexion  of  mechanical  and  chemical  action  was 
Ihe  first  great  point  to  be  dealt  with  ;  and  for  tliis 
purpose  thi^  lawn  of  the  lueehiTrLical  action  of  voltaic 
electricitv  were  to  h(\  studied. 

It  will  readily  be  f^uppoKed  that  the  voltaic  re- 
Marches,  thus  bc^n,  opened  a  number  of  interest- 
ing topics  of  examination  and  discussion.  These, 
however,  it  does  not  belong  to  our  place  to  dwell 
upon  at  present;  since  they  formed  imrts  of  the 
theory  of  the  subject,  whidi  was  not  completed  till 
light  had  bi'cn  thrown  upon  it  from  other  quarters. 
Tlic  idetility  t«f  galvanism  with  electricity,  for  in- 
staDCe*  was  at  first,  as  we  have  intimated,  rather 
conjectured  than  proved.  It  wbs  denied  by  Dr. 
Fowler,  in  J  703  ;  Mas  supj>03ed  to  be  confirmed  by 
Dr.  Wells  two  years  later :  hut  was,  still  later,  rjues- 
tioned  hy  Havy.  The  nature  of  the  oporatJon  of 
Ihe  pile  was  variously  conceived.  Volta  hiinstdf  liwl 
ohtaLiied  :l  view  of  it  which  succeeding  researches 

'  JJwquerel.  TraHc  ifKkifr^  t.  i,  p-  lOB- 
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confirmed,  when  he  asserted',  in  1800,  that  it  rt- 
serablcd  an  electric  battery  feebly  charged  and  con- 
stantly renewing  its  charge.  In  pursuance  of  this 
view,  the  common  electrical  action  was.  at  a,  later 
period  (for  mstance  by  AmptJre,  in  1820),  called 
ekctrical  tensioit,  while  the  voltaic  aetiou  was  called 
the  elvctrical  current,  or  electroifiotive  acfwu.  The 
different  effects  produced,  by  mcreasing  the  size 
and  the  number  of  the  plates  in  the  voltaic  trough, 
were  also  very  remarkable.  Tlie  power  of  producing 
heat  was  found  to  depend  oa  the  size  of  the  plates; 
the  power  of  producing  chemical  changes,  on  the 
other  hand,  was  augmented  by  tho  number  of  plates 
uf  which  tlie  battery  consisted.  The  former  effect 
was  referred  to  the  increased  quanlitp,  the  latter  to 
the  intensity,  of  the  electric  flidd.  We  mention 
these  distinclionfi  at  present,  rather  for  the  purpose 
of  expljuning  the  language  in  which  the  results  of 
the  succeeding  investigations  are  narrated,  than 
with  the  intention  of  representing  the  hypotheses 
and  measures  which  they  imply,  as  clearly  esta- 
blished, at  the  period  of  which  we  speak.  For 
that  purpose  new  discoveries  were  requisite,  which 
we  have  soon  to  relate. 


■  Phil.  Trflnj.  p.403. 
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CHAPTER  ni. 

IfSCOVERY  OP  THE  LaWS  OF  THE  Ml^TUAL  AtTIUC- 

TiON  AND  Repulsion'  of  Voltaic  Cdrrents. — 
Amfeuk. 

IN  order  to  sliow  the  place  of  volttuc  electricity 
luuoiigtho  m<?chanico-chcni'n:al  sciences,  wc  must 
speak  of  it^  meclmnioal  laws  as  separate  from  the 
laws  of  electro-map^uetic  action;  although^  io  fact, 
it  was  only  in  consoquonee  of  the  forces  which 
rrinductiDg  voltaic  wires  exert  upon  magnets,  that 
those  forces  were  detected  which  they  esert  upon 
^ach  other.  This  latter  discovery  was  made  by  M, 
Ami^dre;  and  the  extraordinary  rapdlity  and  saga- 
ity  with  which  he  caught  the  suggestion  of  auch 
irccs,  fipom  the  electro-magnetic  experiments  of 
)l.  Oersted,  (of  which  we  shall  speak  In  the  next 
liopter.)  well  entitle  him  to  he  considered  as  a 
and  independent  discoverer.  As  he  truly 
"it  hy  no  means  followed,  that  because  a 
inducting  wire  exerted  a  force  on  a  magnet,  two 
"coTiductmg  wires  must  exert  a  force  on  each  other ; 
two  pieces  of  soft  iron,  lK>th  of  whicii  aHi^ct 
magnet,  do  not  alfoct  each  other."  But  imme- 
^dialely  on  the  promulgation  of  Oersted'.^  experi- 
icDlSf  in  1920,  Ampdre  leapt  forwards  to  a  general 
li^ry  of  the  facts,  of  which  thciory  the  mutual 
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attraction  and  repulsion  of  coudiictitig  voltaic  wires 
"was  a  fmiclamontai  supposition.     The  supposition 
was  immediately  veriiied  by  direct  trial;  and  ihe 
laws   of  this  attraction   and  repulsion  were    soon 
drterniiiieJ,  with  great  usperiniental  iugenulty,  and 
a  very  remarkable  comTuand  of  the  resources  of 
analysis.     But  the  experimental  and  analytical  in- 
vestigatiop  of  the  mutual  action  of  voltaic  or  electri- 
cal currouts,  was  so  mixed  u[)  wltb  the  exauiiuation 
of  the  laws  of  electro-magnctiam,  which  had  given 
occasion  to  the   investigation,  that   we  must  not 
treat  the  two  provinces  of  research  as  separate. 
The  mention  in  this  plac&,  prenmturc  as  it  might 
appear,  of  the  lalxiury  of  ATn[>^rt\  arises  inevitably 
from  his  being;  the  author  of  a  beautiful  and  com- 
prehensive generalizatiou,  which  not  only  included 
the  pheooniODa  exhibited  hy  the  new  combinations 
of  Oersted,  but  also  disclosed  forces  which  existed 
io   arrangements   alreadv   familiar,  although   they 
had  never  been  detected  till   the  theory  pointed 
out  how  they  were  to  bo  looked  tor. 
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Dl3C0\'ERY  OP  ElECTRO-MAGKETIC  ACTlON. — 
OKftfiTi:lh 

alHK  impulse  whidi  tlic  dracovfry  of  galvimiam, 
hi  17^],  and  of  the  voltaic  pilo,  in  1800,  had 
given  Xo  the  study  of  electricity  as  a  mcdianical 
scicJicc,  had  nearly  died  away  io  1620.  It  was  in 
tliat  year  that  }L  Oersted,  uf  CupGnhaj^cn,  an- 
nouuceil  that  the  coDductiiig  wire  of  a  voltaic  circuit 
acU  upon  a  magnetic  needle;  and  thus  recaJled 
into  activity  that  eudeavour  to  couuect  mag;iiett£nL 
with  i-lectricily,  which,  tlioiigh  a|iparpntly  on  mauy 
accounts  so  hoptftil,  hail  hitherto  been  attended 
Viiih  no  success.  Oerstc<l  found  that  the  needle 
haft  a  tendency  to  place  itself  at  rt^ht  awjUs  to  the 
wirc; — n  kind  of  action  altogether  diiVercnt  from 
•uy  which  had  been  suspected. 

This  observation  was  of  vast  Importance;  and 
the  analysis  of  its  conditions  and  conseciucnces  em- 
|)|oyed  the  bef^t  philosoiihor*:  in  Europe  immediately 
on  its  promulgation.  It  is  impossible,  without  gruat 
injuKtice,  to  refuse  great  merit  to  Oersted  as  the 
AutliOT  of  the  discovery.  We  have  already  said, 
tlutt  men  appear  generally  inclined  to  believe  re- 
markable 'liseovcries  to  be  accidental,  and  thr  dis- 
covery of  Clersted  has  been  spoken  of  as  a  casual 
insiulated  o:(penment'.    Yet  Oersted  had  been  look- 
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ing  for  such  an  accidi'nt  probably  more  carefully 
and  perscverhigly  than  any  othtT  person  in  Europe. 
In  1807,  lie  had  publisKed'  a  work»  in  which  he  pro- 
fessed that  his  purpose  was  '*to  ascertain  whether 
electricity,  in  its  most  latent  state,  had  any  effect 
un  the  magnet"  And  he,  as  I  know  from  hh  own 
declaration,  considered  his  discovery  as  tlio  natural 
sequel  and  confirmation  of  his  early  researches;  as, 
indood,  it  fell  in  readily  and  immediately  with  spe- 
culations on  these  subjects  then  very  prevalent  in 
Germany.  It  was  an  accident  like  that  by  which 
a  man  guesses  a  riddle  on  which  his  mind  has  long 
been  employed, 

IJcsidos  the  confirmation  of  Oersted's  observa- 
tions by  many  cspcrimcrtcrs,  great  additions  were  ^ 
made  to  his  facts :  of  these,  one  of  the  most  im- 
portant was  due  to  Ampere.  Since  the  earth  is  in 
fact  magnetic,  the  voltaic  wire  ought  to  be  affected 
by  terrestrial  magnetism  alone,  and  ought  to  tend 
to  assume  a  position  depending  on  the  position  of 
the  compas^-ueedle.  At  ftrst,  the  atk'mpts  to  pro^ 
duce  tins  effect  tailed,  but  soon,  ^\'ith  a  more  delicate 
apparatus,  the  result  was  found  to  agree  with  the 
anticipation. 

It  is  impossible  here  to  dwell  on  any  of  the 
subsequent  researches,  except  su  iiir  as  they  are 
essential  to  our  great  object,  the  progress  towards 
a  general  theory  of  the  subject.  I  proceed,  there- 
fore, immediately  to  the  attempts  mode  towards 
this  object. 
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CHAPTER  V, 
Discovery  of  the  Laws  cf  ELECTRo-MAGKETif? 

AtTlON. 

ON  attemptio/:j  to  analyze  the  electro-niagiaetie 
phemjnKTia  olisorvutl  hy  Oursted  and  othera 
into  their  simplest  fonns,  thcj  appeared,  at  loast 
at  first  sight,  to  be  different  from  any  mechanical 
ions  which  had  yet  been  observed,  It  seemed 
the  conducting  wire  exerted  on  the  pole  of  the 
et  a  force  which  was  not  attractive  or  repul- 
sive, but  t7'ansrerse ;— act  tending  to  draw  the 
point  acted  on  nearer,  or  to  push  it  furtlier  off,  In 
the  line  which  reached  from  the  acting  point,  but 
nrpng  it  to  move  at  right  augles  to  this  Un*?,  Tho 
fOTces  appeared  to  be  such  as  Kepler  had  dreamt 
in  the  infancy  of  niechanical  ccncrptions  ;  rather 
an  such  as  those  of  which  Newton  had  estu,blished 
e  exuftence  in  the  solar  system,  and  such  as  he, 
and  all  his  successors,  had  supposed  to  be  the  only 
lands  of  force  which  exist  in  nature.  Tho  north 
pole  of  the  needle  moved  as  if  it  were  ImpeHcd 
hy  a  vortex  revolving  round  the  wire  in  one  direc- 
tion, while  the  south  pole  seemed  to  be  driven  by 
an  opposite  vortex.  The  case  seemed  novel,  and 
Imost  p.iradoxieal. 

It  was  soon  established  by  experiments,  made 
in  a  great  variety  of  forms,  that  the  mechanical 
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action  wns  roally  of  this  transverse  kind.  And  a 
curious  result  was  oblained,  which  a  little  while 
before  would  have  been  cousidered  as  altogether  in- 
credible;— that  this  force  would  cause  a  constant 
and  rapid  revolution  of  either  of  the  bodies  about 
the  other; — of  the  conducting  wire  about  the  mag- 
net, or  of  the  inagcet  about  the  conducting  "wire- 
This  was  effected  bj  Mr.  Faradaj,  iu  18'21_ 

The  laws  which  regulated  the  iiitcuHity  of  this 
force,  with  reference  to  the  distance  and  position 
of  the  bodies,  now  naturally  came  to  be  examined. 
MM.  Biot  and  Savart  in  Franco,  and  Mr.  Barlow 
in  En^j'land,  instilutcd  such  measures;  and  satisftcd 
themselves  that  the  elementary  force  followed  the 
law  of  magnitude  of  all  known  elementary  forces 
]i)  bdifig  inversely  as  the  Kquaro  of  tho  dii^tancc; 
althougli,  in  its  direction,  it  was  so  entirely  differ- 
ent &om  other  forces.  But  the  investigation  of  the 
laws  q/'  pktmoinsna  of  the  subject  was  too  closely 
connected  with  the  choice  of  a  mechanical  theory, 
to  be  established  previously  and  independently,  as 
had  been  done  in  astronomy.  The  experiments 
gave  complex  results,  and  the  analysis  of  these  into 
their  elementary  actions  waa  almost  an  indlspeD'- 
sable  step  in  order  to  disentangle  their  laws.  We 
miiHt,  therefore,  state  the  progress  of  this  analyais. 
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CHAPTER  VI, 
Theory  of  ELECTRODYNAiiicAL  Action. 

JMFEHhTS  77/^37/.— Nothing  can  show  in  a 
^'jt  more  striking  manner  the  advanced  condi- 
tion of  physical  £peciUation  in  1820,  than  the  re- 
duction of  the  strange  and  complex  phenomena  of 
electromagnetiam  to  a  simple  and  general  theorj  as 
5oon  as  they  w«re  published.  Instead  of  a  gradual 
cslabJishment  of  laws  of  phenomena  and  theories 
more  and  more  perfect,  uccupjing  ages»  aa  in  the 
CAM  of  aatronomy,  or  generations,  as  in  the  instances 
of  magnetism  and  electricity,  a  few  months  sufficed 
for  the  whole  process  of  generalization;  and  tho 
experiments  made  at  Copenhagen  were  announced 
at  Paris  and  London,  almost  at  the  same  time  with 
tlie  skilful  analysis  and  comprehen^ve  mductions 
of  Ampt^re, 

Vet  we  siiould  err  if  we  should  suppose,  from 
the  celerity  with  which  the  task  was  executed,  that 
it  was  an  easy  one.  There  were  required,  in  tho 
author  of  such  a  theory,  not  only  those  clear  eon- 
teptions  of  the  relations  of  space  and  force,  which 
aw  the  first  conditions  of  all  sound  theory,  and  a 
full  post^esSLon  of  the  c:cperimept& ;  bat  also  a  mas- 
icrly  command  of  thi:?  mathematical  arms  by  which 
^lone  the  victory  could  ho  gained,  and  a  sagacious 
selection  of  proper  experiments  which  might  decide 
the  Fate  of  tho  proposed  hypothesis. 

It  is  true,  that  the  nature  of  the  requisite  hy\io- 


fi6 


HISTORY  OF  GALVANISM. 


thesis  was  not  difficalt  to  stu  in  a  cerfnin  vague 
and  limited  way.  The  conduct iog-mre  and  the 
magnetic  needle  had  a  tendency  to  arrange  tliem- 
selves  at  right  angles  to  one  another.  This  might 
be  represented  by  supposing  the  wire  to  be  made 
up  of  transverse  magnetic  needles,  or  by  supposing 
the  needle  to  be  made  up  of  transverse  conducting- 
wires;  for  it  was  easy  to  conceive  forces  whi(;h 
should  bring  corresponding  elements,  either  mag- 
netic or  ToUalc,  into  parallel  positions;  and  then 
the  general  phenomena  above  stated  would  be 
aecounted  for.  And  thcr  choie^  between  the  two 
modes  of  conception,  appeared  at  first  sight  a  matter 
of  indifterence.  The  majority  of  philosophers  at  first 
adopted,  or  at  least  employed,  the  former  method, 
as  Oersted  in  Germany,  Berzclius  in  Sweden,  Wol- 
laston  in  England. 

Amp^e  adopted  the  other  view,  according  to 
which  the  magnet  is  made  up  of  conducting- wires 
in  a  transverse  position.  But  he  did  tor  his  hypo- 
thesis what  no  one  did  or  could  do  for  the  other; 
he  showed  that  it  was  the  only  one  which  would 
account,  without  additional  and  arbitrary  supposi^ 
tions,  for  the  facts  of  i'i)nlinued  motion  in  elcctro- 
magnetic  cases.  And  he  ftirther  elevated  his  theory 
to  a  higher  rank  of  generality,  by  showing  that  it 
explained, — not  only  the  action  of  a  conducting- 
wire  upon  a  magnet,  hut  also  two  other  classes  of 
facts,  already  spoken  of  !n  this  history, — the  action 
of  magnets  upon  e^ch  other, — and  the  action  of 
conduL'ti  lit;- wires  upon  each  other. 
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Tho  deduction  of  such  particular  cases  from  the 
tbeorj,  required,  as  may  easily  be  imagined,  somo 
complex  cRJculati 01151  but  the  deduction  heijjg  saXis- 
&ctoTy,  it  will  be  seen  that  Ampere's  theory  eon- 
fi>nned  to  that  ilcscription  whicli  wc  have  repeatedly 
bad  to  point  out  as  the  usual  character  of  a  true 
and  stable  theory;  namely,  tliat  besides  accuuuting 
for  the  clasa  of  phenomena  whit'h  suggested  it,  it 
Htpplies  an  unforeseen  esplanalion  of  other  known 
For  tho  mutual  action  of  magnets,  whic*h 

Aft  supposed  to  bo  already  reduced  to  a  i>atisfactory 
theoretical  form  by  Coulomb,  was  not  contcniplated 
by  Ampere  in  the  fonnatitin  of  his  hypothesis^ 
and  the  mutual  action  of  voltaic  currents,  though 
tried  only  in  consequence  of  the  suggestion  of  the 
theorj',  was  clearly  a  fact  distiuct  from  electromag- 
netic action;  yet  all  these  facts  flowed  alilce  from 
the  theory.  And  thus  Ampcire  brought  into  view 
a  class  of  forces  for  which  the  term  "electromag- 
netic" was  too  limited,  and  which  he  designated' 

y  the  appropriate  term  ehdrtfdtfnaiiiici  distin- 
Ishing  them  by  this  expression,  as  the  forces  of 
electric  cuvj^it,  from  the  statical  effects  of  elec- 
tricity which  we  had  formerly  to  treat  of  This 
tenn  has  passed  into  common  use  among  5cieatific 
writeris  aTid  remains  the  record  and  stamp  of  the 
mocesG  of  the  Aiup^'rian  induction. 

Tiie  first  promulgation  of  Ampere's  views  was 

\J  a  communication  to  the  French    Academy  of 


Ann.  dc  Ckim^iam.s\.\t^mi\U22). 
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Sciences.  Scpt^^mber  the  18tb,  1820;  Oersted's  <lis- 
coveriGS  hanng  reached  Paris  only  in  the  preceding 
July.  At  almost  every  meeting  of  the  Academy 
diiriDg  the  remainder  of  that  year  and  the  begin- 
niDg  of  the  following  ono,  he  liail  new  devclopcments 
or  new  conlirmations  of  liis  theory  to  announce. 
The  most  hypothetical  part  of  his  theory, — the 
proposition  that  m^^nets  might  be  considered  in 
their  effects  as  idcnticjil  with  spiral  voUiiic  wires, — 
he  asserted  from  the  very  first.  The  mutual  attrac- 
tion and  repulsion  of  voltaic  wires, — the  laws  of 
this  action,- — the  deduction  of  the  observed  tacts 
from  it  by  calculation, — the  determination,  by  new 
experiments*  of  the  constant  quantities  which  en^ 
tered  into  his  formulse, — followed  in  rapid  succcs- 
won.  The  theory  must  bo  briefly  stated.  It  had 
already  been  seen  that  jwr-iillel  voltJiie  eurrentj* 
attracted  each  other ;  when,  instead  of  being  paral- 
lel, tbey  were  situate  in  any  directions,  they  still 
exerted  attractive  and  repulsive  forces  depending 
on  the  distance,  and  on  the  directions  of  each  ele- 
ment of  both  currents.  Add  to  this  doctrine  tha 
hypothetical  constitution  of  ma^JtctK  namely,  that 
a  volUuc  current  runs  ronnd  the  axis  of  each  par- 
ticle, and  we  have  tho  means  of  calculating  a  vaat 
variety  of  results  which  may  be  compared  w^th 
experiment.  But  the  laws  of  the  elementary  forces 
required  further  fixation.  What  functions  arc  the 
forces  of  the  distance  and  the  directions  of  the  ele- 
ments ? 
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To  cxlruct  from  experimert  an  answer  to  this 
iinjuiry  was  far  from  cas;y".  for  the  elementary  forees 
were  mathematically^  connected  with  the  observed 
facte,    by  a  double  mathematical   lutejjration ; — a 
long,  and,  while  the  constant  coefficients  remained 
undefined,    hardly  a   possible   operation.     Ampere 
made   some   trials   in    this   way.    but   his   happier 
genius  suggested  to  him  a  better  [«ith.     It  occurred 
to  him,  that  if  his  inte^als,  without  being  specially 
found,  could  be  shott-n  to  vanish  upon  the  whole, 
andor  ctTtain  conditions  of  the  problem,  thiH  cir- 
cumstance would   correspond  to  arrangi'n tents  of 
his  apparatus  in  which  a  state  of  equilibrium  was 
prc&erveiL  however  the  form  of  some  of  the  parts 
might  be  changed,    lie  found  two  surli  ca&es,  which 
were  of  ^eat  im|JortaTicc  to  the  theory.     The  first 
of  these  cases  proved  that  the  force  exerted  by  any 
element  of  the  voltate  wire  might  be  resolved  into 
other  forces    by  a   theorem  resembling  the  well- 
known  proi>osition  of  the  parallelogram  of  forces. 
Tliis  was  proved  by  showing  tliat  the  action  of  a 
!«traight  wire  is  the  same  with  that  of  another  wire 
which  joins  the  same  extrcraitiea,  hut  is  bent  and 
coal^rted  in  any  way  whatever.    But  it  still  remain- 
fil  necessary  to  determine  two  fundamental  quan- 
tities:  on*?  of  whitrh  expressed  the  jMiiver  of  the 
distance  aecordir^  to  which  the  force  varied;  the 
other,  the  dcgroi!  iu  which  the  force  is  affected  by 
the  oblitjuky  of  the  elements.     One  of  the  general 
causes  of  eqiulibrium»   of  which  wo  have  spoken, 
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gave  a  relation  IxMiwccn  thosi>  two  quantities^  aii<l 
as  the  power  was  oaturallv,  aufl.  as  it  atWn^'aJvis 
appeared,  rightlv.  cotijectured  to  he  the  inverse 
sfjtiare.  the  other  quantity'  also  was  determmed : 
and  tlic  general  problem  of  elect rodj'nami<!al  action 
WELs  fiilly  MilvecL 

If  Ampere  had  not  been  an  accomplished  ana- 
lyst, he  would  not  hare  been  able  to  discover  the 
condition  on  which  the  nnllitj'  of  the  int<>o^al  in 
this  case  depended'.  And  throughout  hts  labours. 
"^e  find  reason  to  admire,  both  his  mathematical 
skill,  and  hib  steadiness  of  thought;  although  these 
excellencies  are  by  no  means  accompanied  through- 
out with  corre«;ponding  clearness  and  elegance  of 
exposition  in  his  writings, 

deception  of  Ampere  a  Tfieojy. — Clear  mathe- 
matical conceptions,  and  Jiome  faiuiliaritv  with  ma- 
thematical operations,  were  needed  by  readers  also, 
in  order  to  appreciate  the  evidence  of  the  theory; 
and,  therefore,  we  need  not  feel  any  suqjrize  if  it 
was,  on  its  publication  and  estabhshment,  hailed 
with  fer  less  enthusiasm  than  so  remarkable  a  tri- 
umph of  generalizing  power  might  appear  to  de- 
serve. For  some  time,  indeed,  the  greater  portion 
vi  the  public  wi^re  naturally  held  in  suspense  by 
the  opposing  weight  of  rival  names.  The  Amperian 
theory  did  not  make  its  way  without  contention 
and  competition.  The  electro-magnetic  experiineuts, 

*  Camnuinication  to  the  Acad,  Sc,^  Juao  10,  IS22.  See  Ampete^ 
Jifcueii,  p,  GJffi.  '  I^tctinf,  p.  314. 
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from  ihoir  tir.^t  n[ippai'anrp,  ^vt^  a  clear  prnmise  of 
Minio  new  and  ivkk-  generalizatiori ;  aod  heM  out  a 
pruce  of  honour  and  fame  to  him  who  should  be 
^rst  in  giving  the  right  iuterpretiUion  of  tho  riddle. 
Ju  Fr;uic(.%  the  GuiuhitLon  for  such  ri?piitHtion  is 
perhaps  more  vigilant  and  anxious  than  it  is  else- 
where; and  we  sec.  on  this  as  on  other  occasions, 
the  scientific  host  of  Paris  springing  upon  a  nrw 
subject  Willi  an  impetuosity  which,  in  a  shr»rt  thue, 
runs  into  controversies  for  priority  or  for  victory. 
In  this  case,  M.  Biot,  as  well  as  Ampere,  endea* 
vourcd  to  reduce  the  clectro-niagnetie  phenomena 
to  general  laws.  The  discussion  between  him  and 
Ampirc  turned  on  some  points  which  are  curious, 
M.  Biot  was  disposed  to  consider  as  an  elementary 
action^  the  force  which  an  element  of  a  voltaic  wire 
exerts  upon  a  magnetic  particle,  and  which  is,  as 
wt  have  seen,  at  right  angles  to  their  mutual  dis- 
tance; and  he  conceived  that  the  equal  reaction 
which  neceiisarilv  accompanies  tins  action  acts  oppo- 
sitely to  the  action*  not  In  the  ^auio  line,  but  in  n 
panll«l  line,  at  the  other  extremity  of  the  distance; 
thus  forming  a  primitive  couple,  to  use  a  technical 
e-xpr^fsioti  borrowed  from  mechanics.  TothlsAcLp^re 
utg<*c1ed'.  that  the  direct  opposition  of  all  ele- 
neoUfy  action  and  reaction  was  a  imiversal  and 
Moevary  mechanical  law.  lie  showed  too  that 
Mtb  ft  couple  as  had  been  assumed,  would  tbllow 
Bx  »  AfriuUiTe  roHult  IWm  his  theory.     And  in 

'  Amit^rr,  Thi^if^  \u  154. 
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comparing  hia  owr»  theory  with  tliat  in  which  the 
voltaic  wire  is  assimilated  to  a  collection  of  trans- 
verse magnets,  he  was  also  able  to  prove  that  no 
such  assenihiage  of  forcLifi  acting  to  and  from  fixed 
points,  as  tlit?  forces  of  ma^cts  ilo  art.  could  pro- 
duce a  continued  motion  like  that  discovered  by 
Faraday.  This,  indeei  was  only  the  well-known 
demonstration  of  the  impos.^ihility  of  a  perpetual 
motion.  It^  instead  of  a  collection  of  magnets,  the 
adverse  theorists  had  sjioken  of  a  magnetic  current, 
they  might  probably  interpret  their  expressions  so 
as  to  explain  the  facts;  that  is,  if  they  considered 
every  element  of  such  a  current  as  a  magTtet>  and 
consequently,  every  point  of  it  as  being  a  north  and 
a  south  pole  at  the  same  instant.  But  to  introduce 
such  a  cojiception  of  a  magnetic  current  was  to 
abandon  all  the  laws  of  mEi|;netic  action  hitherto 
established;  and  coasequently  to  lose  all  that  gave 
the  hypothesis  itt^  value.  The  vh'a  of  an  electric 
current*  on  the  other  hand,  was  so  far  from  bang  a 
new  and  hazardous  assumption,  that  it  had  already 
been  forced  upon  philosophers  from  the  time  of 
Volta;  and  in  this  cnrrt^nt,  thr  relation  ty^ preceding 
and  tnteeeedini/,  which  neeessarily  existed  between 
the  extremities  of  any  element,  introduced  that 
relative  polarity  on  winch  the  success  i>rtlic  expla- 
nations of  the  facta  dcpendeil.  And  thns  m  this 
controversy,  the  theory  of  Ampere  has  a  great  and 
undeniable  superiority  over  the  rival  Itypotheses. 
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CHAPTER  VII. 

1SEQUF.NCKS  OF  THE  ElECTHODYKAMIC  ThEOBY, 

IT  is  not  necessary  to  state  tiic  various  applica- 
tions which  were  soon  made  of  the  dectro- 
joagnetic  discoveries.  But  we  may  notice  ddg  of 
the  most  important, — the  Gitlranitimtert  an  inr^u- 
ment  whicli,  by  enabling  the  philosopher  to  detect 
and  to  measure  extremely  minute  electrod}Tiamic 
BctiouSt  ^ve  au  impulse  to  the  subject  siiutlar  to 
that  which  it  receiveil  from  the  invention  of  the 
Leydcu  Phial,  or  the  Voltaic  Piie,  The  strcn^h  of 
tbe  Toltaic  current  was  measured,  in  this  instru- 
ment, by  the  deklection  produced  in  a  compass- 
needle;  anil  its  sensibility  wus  multiplli'd  by  making 
the  wire  pass  repeatedly  above  and  below  the 
needle.  Schweigger,  of  llallc.  was  one  of  the  first 
devisers  of  tlm  apjiaratus. 

The  substitution  of  eleetro-magncta,  that  is,  of 
spiral  tubes  composed  of  voltaic  wires,  for  common 
magnets,  gave  rise  to  a  variety  of  curious  apparatus 
and  speculations;  but  on  these  and  other  subjects 
oftho  panic  kind  1  shall  not  dwell  (e)» 

The  galvanometer  led  to  the  discovery  of  another 
class  of  cases  in  which  the  c!ectrod}"namical  action 
was  called  into  play,  namely,  those  in  which  a  cir- 
cuit, composed  of  two  metals  only,  became  electro- 
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magnetic  by  hpMling  one  part  of  it.  This  discovery 
q{  thitrniQ-deHririty  was  madu  by  ProfesKor  Seebeck 
of  Berliti,  in  1822,  and  prosccuteii  hy  various  |ier^ 
sons;  especially  by  Vvot  Cumming^  of  Cambridge, 
who,  early  in  1823,  extended  tlie  examination  of 
this  property  to  most  of  the  metals,  and  determined 
their  tlicmio-clectric  ordi?r_  But  as  these  investi- 
gations exhibited  no  new  mechanical  ctFects  of  elec- 
tromotive forces,  they  do  not  now  further  concern 
us;  and  we  pass  on,  at  present,  to  a  case  in  which 
such  forces  act  in  a  manner  different  from  any  of 
thoae  already  described. 

'   Cittnh.   Tram.   Yot.  ii-  p,   62.     On  the   Developemvrit   of 
Etectro-MagnetUm  by  Utat. 
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CHAPTER  Vni. 

IVERY  OP  THR   LaWB  OF  MaGNETO-ElECTRID 
I N  D  UCTIO  N. — F  ABAD  A  Y- 


was  clearly  established  bv  Ampere,  aa  we  have 
SOPH,  tbat  ma^etic  action  is  a  peculiar  form 
nf  electronintivo  actions,  and  that,  in  this  kind  of 
agency,  action  and  reaction  are  equaJ  and  opposite. 
It  appeared  to  follow  ahnost  irrcJiiHtibiy  from  thiese 
considerations,  that  magrif^ti^ni  might  bo  inado  to 
produce  electricity,  3s  electricity  could  be  made  to 
imitate  all  the  eftects  of  raagnGtism.  Yet  for  a  long 
i.time  the  attempts  to  obtain  such  a  result  were 
itless.  Farailay^  in  IS2o,  endeavoured  to  make 
je  conducting-wirc  of  the  voltaic  circuit  excite 
electricity  in  a  neighbouring  wire  by  induction,  as 
:e  conductor  charged  witli  common  electricity 
»uld  have  doncs  hut  he  obtained  no  such  effect. 
this  attempt  Imd  succeeded,  the  magnet,  which, 
all  such  piu^oses,  is  an  assemblage  of  voltaic 
nrcuits,  might  also  have  been  inado  to  e*cite  elec- 
tricity- About  th^T  samo  time,  an  experiment  was 
lade  in  France  by  M.  Arago,  which  really  involved 
he  effect  thus  sought;  though  this  effect  was  not 
trit'atc<i  from  the  complex  phenomenon,  till  Fara- 
day began  his  splendid  career  of  tliscovery  on  this 
subject  in  1832.  Arngo'i^  observation  was,  that  the 
rapid  revolution  of  a  conduct ing-plate  in  the  neigh- 
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bourhoCMl  of  a  magnet,  gave  ris9  to  a  force  Acting 
on  the  magnet.  In  England,  Messrs.  Barlow  and 
Christie,  Herschel  and  Babbage,  ro^ieated,  anil  trifflJ 
to  analyze  this  experimcnf ;  but  referring  the  forcew 
only  to  conditions  of  space  and  time,  and  overlook- 
ing the  real  cause,  the  electrical  currents  produced 
by  the  motion,  these  phitoaophers  were  altogt^ther 
unsuccessful  in  their  labours.  In  1831,  Faraday 
again  sought  for  oloetro-dynamical  induction,  and 
after  some  futile  trials,  at  last  found  it  in  a  form 
different  from  that  in  which  he  had  luoked  for  it. 
It  was  then  seen,  that  at  the  precise  time  of  making 
or  breaking  the  contact  which  closed  the  ^Ivaulc 
circuit,  a  mompntarj  effect  was  induced  in  a  neigh- 
bouring wirt,  but  disappcareii  instantly'.  Once  in 
possession  of  this  iact,  Mr,  Faraday  ran  rapidly  up 
the  ladder  of  discovery,  to  the  general  point  of 
view. — Instead  of  suddenly  making  or  breaking  the 
contact  of  the  inducing  circuit,  a  similar  effect  was 
produced  by  removing;  the  inducible  wire  nearer  to 
or  further  from  the  circuit"; — the  effects  were  in- 
creased by  the  proximity  of  soft  iron'; — when  the 
soft  iron  was  affected  by  an  ordinary  magnet  instead 
of  the  voltaic  wire,  the  same  effect  still  recurred*; — 
and  thus  it  appeared,  that  by  making  and  breaking 
magnetic  contact,  a  momentary  electric  current  was 
produced.  It  was  produced  also  by  moving  the 
magnet^ ; — or  by  moving  the  wire  with  reference  to 

'  PMi.  Trmt.  Ifl32.  p.  127,  Firat  Serits,  Art  10. 

'  Art.  Ifi-         '  Att,  2fl.         *  Art.  37.  *  Art- SR. 
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peare 

UOUN 


e  mjt^ef*,  Finalh,  it  wns  Ibimd  that  the  i^arlli 
ig-ht  supply  the  place  of  a  magnet  in  this  as  iti 
other  cxperimeDts';  arnl  the  mere  motion  of  a  \UTt\ 
under  proper  cLrcumstauces,  produced  in  it,  it  ap^ 
peared.  a  inomcntiirj  olcctric  cnrrent'.  These  facts 
ere  curiously  eonfimiod  by  the  results  in  special 
They  explained  Arago  s  experiments ;  for  the 
entary  effect  became  permanent  by  the  revolu- 
tion oFthe  plate.  And  without  using  the  magnet,  a 
revolving  plate  became  an  electrical  machine'; — a 
ohing  ^lobe  exhibited  electro -jna;*netic  action", 
e  circuit  being  complete  in  the  g-|obe  itself  with - 
t  the  addition  of  any  wire ; — and  a  mere  motion 
of  (he  ftirc  of  a  galvanomrtcr  produced  an  eiectro- 
lytutmie  effect  upon  its  needle^^ 

But  the  question  oceurs.  What  is  the  ^neral 
hw  which  detenuines  the  direction  of  electric  cur- 
rents thus  produced  by  the  joint  cftbcts  of  motion 
and  ii]a9;net!sm  ?  Nothing;  but  a  peculiar  steadiness 
dearneKs  in  his  conceptions  of  space*  could 
vc  enabled  Mr,  Faraday  to  detect  the  law  of  this 
phenomenon.  J^'or  the  qaestion  required  that  he 
ould  determine  the  mutual  relations  in  space 
hich  connect  the  nia^^etic  poles,  the  position  of 
e  wire^  the  direction  of  the  wire's  motion,  and  the 
tlectrical  current  produced  in  it.  This  was  no  easy 
|Toblemi  indeed,  the  mere  relation  of  the  magnetic 
to  the  electric  forces,  tbe  one  set  bein^  perpen- 


•  Art.  55, 

•  Art.  UK 


•  Art  Ii"i0.         "  ATt-  irv4.         "  Art-  l?!- 
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ilicular  to  the  other,  is  of  itself  sufficient  to  perpIcS 
tho  iTiimi:  as  wc  havu  seen  in  the  history  of  thu 
electro  dynamical  diseovcries.  But  Mr.  Faraday 
appears  to  have  seized  at  once  the  law  of  the  phe- 
nomena. "The  relation,"  he  sajs'*>  "which  holds  be- 
tween the  magnetic  pole,  the  moving  wire  or  metal, 
and  the  directiou  of  the  current  evolved,  is  very 
simple,  (so  it  seemed  to  him.)  although  rather  diffi- 
cult to  expriiss/'  He  rcpresent>i  it  by  refeiTing 
position  and  niotiou  to  the  **ii]a^ietic  eurves,''  which 
go  from  a  magnetic  pole  to  the  opposite  pole.  The 
citrrent  in  the  wire  sets  one  way  or  the  other, 
according  to  the  direction  in  whieh  tiie  motion  of 
the  wire  cuts  these  curves.  And  thus  he  was  ena- 
bled, at  the  end  of  his  Second  Series  of  Re^eorrhes 
(December,  1831),  to  give,  in  general  terms,  the 
law  of  nature  to  which  may  be  referred  the  extra- 
ordinary number  of  new  and  curious  exjieriments 
which  he  has  stated"; — namely,  that  if  a  wire  move 
so  as  to  cut  a  magnetic  curve,  a  power  is  called 
into  action  which  tcjids  to  urge  a  magnetic  current 
through  the  wire ;  and  that  if  a  moss  move  so  that 
its  parts  do  not  move  in  the  same  direction  across 
the  magnetic  curves,  and  with  the  same  angular 
velocity,  electrical  currents  are  called  into  play, 

This  rule,  thiLs  simple  from  its  generality,  though 
inevitably  complex  in  every  special  case,  may  be 
looked  upon  as  supplying  the  first  demand  of  phi- 
losophy, //w  law  qf  tJie  phtnmiena;  and  there- 
"  Firrt  Srt«ffl,  Art.  1 14.  "  Art.  2j6— 2fl4. 
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upon  arises  naturally  thu  consequent  inquiry-,  their 

This  has  liardly  yet  been  brought  into  clear  view» 
and  therefore  here,  where  our  hutiine^s  is  to  narrate 
only  what  bas  alreaiJy  been  accomplislied,  we  liave 
iittltr  moro  to  say.     Vet  w*;  may  olracrvi?.  that  what 
has  b<?on  called   hidrtrfion  exhibits,  in  a  manner 
which  cannot  be  overlooked,  the  character  of  a 
ro/itUiofi,  and  we  may  almost  say.  of  a  ruechanical 
reaction.     Mr,  Faraday  appears  to  have  hail  this 
tOBcLusioit  forced  upon  him.     In  his  Ninth  Series 
(Dee-  S,  1834-)  he  ar^es  that  magnetism  and  elec- 
tricity must  ht^  punvcrtible  atales.     "How  else/'  he 
add^  "can  a  current  of  a  given  intensity  and  ifiian^ 
tity  be  able,  by  its  direct  action,  to  sustain  a  state, 
which  when  allowed  to  react  (at  the  cessation  of 
the  original  current)  shall  produce  a  Kceond  cur- 
rant, having  an  intensity  and  quantity  fjir  greater 
than  the  generating  oneT     It  will  be  recollected 
thftt,  according  to  the  Amperiau  theory,  electricity 
and  mj^jnetism  are  ideuticah     Tf  wc  assume  the 
material  reality  of  the  electrical  Huid,  or  any  sup' 
position  mechanically  equivalent  to  this,  we  cannot 
help  havinf;  the  notiou  of  Inertia  su^eated.  by  the 
kind  of  reaction  which  a  wire  exliibits  whim  it  sul- 
fers  electro  dynamical  induction.     For  by  tho  laws 
<ir  mechanics,  a  substance^  when  put  in  motion  by 
another  substance,  pruduces,  at  the  first  instant,  an 
imfrtilsc  opposite  to  that  of  the  motion;  if  the  velo- 
city be  uniform,  no  further  efibrt  is  perceived  tifl  the 


no 


IHSTonV  OF  GALVANISM. 


mottoD  16  stopped;  and  at  that  instant^  an  impulse 
Is  produced  in  the  dircttioo  of  the  motion.  Now 
this  description  applies  alike  to  mechanical  impact, 
and  to  electro  dynamical  induction. 

I  should,  therefore,  conceive  that  no  more  gene- 
ral or  apj^ropriati?  tcnu  can  be  found  to  desciibe 
the  phenomena  here  spoken  o^  than  eh'ctrodi/namic 
reiwlion.  Our  eonce|itioii  of  the  mechanical  pro- 
perties of  tiie  electric  fluid  is  necessarily,  as  yet, 
somewhat  ohscurei  and  we  know  very  imperfectly 
the  manner  in  which  an  electric  current  sets  a 
neighboTiring  one  in  motion.  Yet  I  think  it  caDnot 
be  doubted  that  the  same  beautifid  theory  of  Atd- 
pere,  which  explains  so  well  all  the  laws  of  electro- 
dynamical  action,  not  only  admits,  but  requires, 
that,  if  induction  in  such  cases  do  exists  it  ehall  bo 
accoTnp&rik'd  with  a  reaction,  following  laws  like 
those  which  Mr.  Karaday  has  unravelled  with  such 
exquisite  skill.  But  Mr,  Faraday  himself  does  not 
appear  to  admit  this  view,  "  Tl»c  first  thought  that 
arises  in  the  mind  is,"  he  says",  *'that  the  electricity 
circulates  with  something  like  momentum  or  inertia 
in  the  wire,  and  tiiat  thus  a  lon^  wire  produces 
effects  at  the  instant  the  current  is  stopped,  which 
a  short  wire  cannot  produce.  Such  an  explanation 
is,  however,  at  once  set  aside  by  the  fact,  that  the 
same  length  of  wire  producers  the  effects  in  very  dif- 
ferent degrees,  according  as  it  is  simply  extended, 
or  made  into  a  helix,  or  forms  the  circuit  of  an 
^'  Art.  1077- 
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electro -magTict."  Thi^  jLTgumeJft  iLi>j>ears  to  me  to 
be  not  <^uite  decisive ;  for  we  cao  imagine  the  inertia 
to  be  altered  by  altering  the  figure  of  the  'wire  as 
easily  as  by  alteriii^^  its  kn^h.  But  my  busiDess 
berc  ta  to  uairate,  rather  than  to  discuss  disco- 
veries; and,  however  it  may  be  susceptible  of  future 
explanation,  we  cannot  doubt  that  the  view  which 
has  been  disclosed  of  t}ie  effects  of  magncto-tflcetric 
indnctioti^  whether  or  not  it  be  riglitly  ilcscribed  as 
^irodynamic  reaction,  is  a  step  of  the  highest 
iiuportance  in  the  progress  of  this  most  interesting 
meehanico-chemitai  science- 
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THE  preceding  train  of  generalisation  may  justly 
appear  extensive,  and  of  itself  weH  worthy  of 
admiration.  Yet  we  are  to  coD&ider  all  that  has 
there  lieon  established  as  otily  one-half  of  the  science 
to  which  it  belongs, ^ — one  limb  of  the  colos&aJ  form 
of  Chemistry.  We  have  ascertained,  we  wiU  sup- 
posa,  the  laws  oF  Electric  Polarity;  but  we  have 
theit  to  ask,  What  is  the  relation  of  this  Polarity 
to  Chemical  Compoaitior.  'i  This  was  the  great 
problem  which,  constantly  present  to  the  minds  of 
electro-chemical  inquirers,  drevir  them  on.  with  the 
promise  of  Eonie  deep  and  comprehensive  insight 
into  the  mechanism  of  nature,  I-ong  tasks  of  re- 
search, though  only  subsidiary  to  this,  wore  cheer- 
fully undertaken.  Thus  Faraday'  describes  himself 
as  cnmpeUcd  to  set  about  satififying  himself  of  the 
identity  of  eommon,  animal,  and  voltaic  electricity, 
S8  *'the  decision  of  a  doubtful  point  which  inter- 
fered with  the  extension  of  his  views,  and  destroyed 
the  strictness  of  reiisnning/'  Having  established 
this  identity,  he  proceeded  with  his  grand  under- 
taking of  electro-chemical  research, 

The  connexion  of  elei-trical  currents  with  chemi- 
cal action,  though  kept  out  of  sight  in  the  account 

'  Dee,  1833.     J<esearcha,^G6. 
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VG  have  hitherto  given,  ^vas  never  forgotten  by 
the  experimenters ;  for,  in  fact  the  modes  in 
which  electrical  currents  were  excited,  were  che- 
mical actions; — the  action  of  acids  and  metals  on 
each  other  in  the  voltaic  trouf^h,  or  in  some  other 
form.  The  dependence  of  the  electrical  effect  on 
these  chemical  actions,  and  still  more,  the  chemical 
actions  produced  hy  the  agency  of  the  poles  of  the 
circuit,  had  been  carefiillj  studied;  and  we  must 
DOW  relate  with  what  success. 

But  in  what  terms  shall  we  present  this  narra- 
tion? We  have  spoken  of  chemical  actions, — but 
wh&t  kind  of  actions  arc  these?  Ik'cmnjiasrimi ; 
the  ri'^ilittioj/.  of  conipounds  into  their  ingredients; 
the  separation  of  (tcide  from  btrses ;  the  reduction 
of  bodies  to  simph  eletnenttf.  These  names  open 
to  us  a  now  drama;  they  are  words  which  belong 
to  a  different  set  of  relations  of  things,  a  different 
train  of  scientific  inductions,  a  different  system  of 
generalizations,  from  any  with  which  wc  have 
hitherto  been  concomeJ.  Wo  must  loam  to  un- 
derstand these  phrases,  before  wc  can  advance  in 
our  history  of  human  knowledge. 

And  how  are  we  to  learn  the  meaning  of  this 
collection  of  words  ^  lu  what  other  lau^iage  shall 
it  be  CTiplaincd?  In  what  terms  shall  we  define 
these  new  expressions?  To  this  we  are  compelled 
to  reply,  that  we  cannot  translate  these  terms  into 
any  ordinary  language  ;^that  wo  cannot  define 
ihera  in  any  terms  already  familiar  to  us.  Here,  as 
TOL,  ni.  I 
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in  all  other  branches  of  knowledge,  the  meaning  of 
worJs  is  to  be  sought  in  the  progress  of  thought; 
the  histoT^  of  sctence  is  our  dictioEOry;  the  stops 
of  scientitic  induction  are  our  detiuitioDs.  It  is 
only  by  going  back  through  the  successful  researches 
of  men  respecting  the  composition  and  elements  of 
bodies^  that  we  can  learn  in  what  sense  such  terms 
must  be  understood,  so  as  to  convey  real  know- 
lodge.  In  order  that  they  may  have  a  meaning 
for  uSt  we  must  inquire  what  meaning  they  had  in 
the  miuiis  of  the  authors  of  our  discoveries. 

And  thus  we  cannot  advance  a  step,  till  we 
have  brought  up  our  history  of  Chemistry  to  the 
level  of  our  history  of  Electricity; — till  we  have 
studied  the  progress  of  tlie  analytical,  as  well  as 
the  mechauLcal  sciences.  We  are  compelled  to 
pause  and  look  backwards  here;  just  as  happened 
in  the  history  of  astronomy,  when  we  arrived  at  the 
brink  of  the  great  mechanical  inductions  of  Newton, 
and  found  that  we  must  trace  the  history  of  me- 
chanics, before  we  could  proceed  to  mechanical 
astronomy.  Tho  terms  '*  force,  attraction,  inertia, 
momentum  "  sent  ua  back  into  preceding  centuries 
then,  just  as  the  terms "  composition"  and  "element," 
send  us  hack  now. 

Nor  is  it  to  a  small  extent  that  we  have  thus 
to  double  back  upon  our  past  advance.  Next  to 
Astronomy,  Chemistry  is  one  of  tbe  most  ancient 
of  sciences; — the  Held  of  the  earliest  attempts  of 
Ulan  to  command  and  understand  nature.     It  has 
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^^eld  men  for  centuries  by  a  kinJ  of  fascination;  B 
and  inniiTnerable  and  endless  are  the  varied  labours,  H 
the  failures  and  successes,  the  speculations  and  H 
coDolusioDS,  ttie  strange  pretences  and  fantastical  H 
dreams,  of  those  who  have  pursued  it.  To  exhibit  H 
all  those,  or  give  any  account  of  tlicm,  would  be  H 
impossible;  and  for  cur  design,  it  would  not  be  ^^M 
pertioeut.  To  extract  Irom  the  mass  that  which  ^^H 
is  to  our  purpose,  is  dit^cult ;  but  the  attempt  must  ^^H 
be  made.  We  must  endeavour  to  analyze  the  bis-  ^M 
tory  of  Chemistry^  so  far  as  It  has  tended  towards  H 
the  establishment  of  general  principles.  Wc  ihall  H 
thus  obtain  a  sight  of  generalizations  of  a  new  kind^  ^^H 
ajid  shall  prepare  ourselves  for  others  of  a  higher       ^^M 

^ofder                                                                            ^^1 

^^B                                                                              ^1 
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(b),  p.  103.  By  the  discoveriee  related  in  the  leil,  > 
oylindricftl  spiral  of  wire  through  which  an  olpctric  current 
IB  poaBing  iFi  identified  with  a,  magnet;  and  the  effect  of 
eucb  a  e^nrvX  in  inoni^uwd  by  pUciiig  in  it  a  core  of  tmh 
ifOD'  By  tlio  uso  of  sueh  a  eombiiutttou  under  tho  iiiflu- 
caw  of  a  vuJUie  battery,  magnets  are  Douatructoil  far  mora 
powerful  than  tlioee  which  depend  upon  the  |t«tLnai]cDt 
magnetiBm  of  iron.  The  clectro-rQagnct  employed  by  Dr. 
Faradny  in  h\s  recent  experiments  would  sustain  a  hun- 
dred weight  at  cither  end. 

By  tlio  uso  of  fiufih  magneta  Dr.  Faraday  has  recently 
diacQvered  that,  beddcis  iron,  nickel  anJ  cobalt,  which  pott- 
s«a  iiLagnctiBm  in  a,  high  degree,  many  bo<liefl  are  nag- 
netio  in  a,  slight  degree.  And  be  haa  ma,de  the  further 
Tory  importntit  disoyvcry,  that  of  thoae  anhBtanceB  which 
are  nut  umgrietrc,  many,  pc!rbiL(kH  nil,  pnt^ees  on  opposite 
property,  in  virtue  of  which  he  term^  them  diainaguatie. 
The  opposition  h  of  thia  kind;— that  niagnetio  bodies  ia 
the  form  of  bars  or  needles,  if  free  to  move,  arrange  theo 
aelvea  in  tho  axial  lino  joining  the  poles  i  diamagnetio 
bodiea  undor  the  snino  circurastaneea  arrange  themftelves 
in  ati  uqui^torirJ  poHition,  p»rpcndicn]ar  to  the  axial  line. 
And  tiiia  t(»ndenuy  ia  found  to  he  the  rtjuijlt  of  one  moru 
general ;  that  whereas  magnetic  bodies  are  attracts  to 
the  poles  of  a  magnet,  dJamagnctic  bcdioa  are  repelli?d 
from  the  polea.  The  list  of  dianiagnctie  bodies  ineludea 
alt  kindle  of  substanees ;  not  only  metaU,  o^  antimony.  bi»- 
muth,  gold}  silver^  lead,  tin,  zinc,  but  many  crystals,  gloss, 
phoEphoruBf  aulpbur,  sugar,  gum,  wood,  ivory;  and  oven 
fleah  and  fruit. 
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U  appears  that  M.  If;  R'lilli  had  shown.  In  1829,  that 

1v>th  biimiiith  and  iintimony  and  biamutfa  repelled  the  nug- 

netic  needlu;  rtud  aa  Dr.  Faraday  romarliB^  it  is  Mt^nish- 

ing  that  bul'Ii  na  eKpcriment  dJiouJd  liavc  r^maiiiud  bo  long 

without  further  jeaolts.     M,  Becquerel  m  J327  observed, 

id  quoted  Coulomb  as  having  abo  obw^rvcd,  tba.t  a  neeiili? 

wood  nndcr  cort^n  conditions  pointi^d  across  tho  mag- 

DcftiG  curvoit ;  and  iJso  atiLtod  tliat  ho  hud  foand  b,  neodlo 

of  wood  place  itself  parallel  to  the  wlios  of  a  galvanometer. 

iXHis  bti  T^fidrred  to  a  niagnutifni  tranfiveri^e  to  tiiu  lungih. 

it  he  doea  not  refer  the  phenomena  to  elcmontAry  repul- 

Ive  action,  nor  show  that  tiiey  are  common  to  an  immpneo 

Vbtt  cf  bodies,  nor  dii^tingnish  this  diamagnotic  from  the 

letie  elass,  as  Faraday  bae  taught  us  to  do. 

]  do  not  dwcU  upon  lite  ptH;iiliar  phenomena  of  copper 

in  the  oamo  acri^a  of  rt%earehes,  are  traced  by  Dr. 

lay  to  the  combined  effect  of  itn  diamagnetlc  charac- 

\  and  the  eliictnc  eurrenta  excited  in  it  by  the  electm- 

magnct ;    nor  to  the  optical   phenomena  manifested  by 

ceruin  transparent  diainugnouc  Gnbatanoca  under  eloetri* 

Hotion  ;  au  jJready  stated  in  tbe  Noteu  to  Bouk  i£.     Sea 

the  TtreiUi^/i  Series  u/  Experimental  Uet&archgt  in  Etec- 

*iciiy,  read  to  the  Royal  Society.  Dee.  18,  1S45. 

^Vhen  a  voltaic  apparatus  is  in  action,  there  may  be 
conceived  to  be  a  current  of  electricity  running  through  itd 
rarioUB  eleiaentB,  a^  statod  in  tho  toKt^  The  foree  of  this 
furrept  In  variou,y  parts  of  tho  tjircuit  hz^  been  made  the 
wibject  of  mathijinaticid  investigation  by  M.  Ohm,  (J)** 
GalviraiBche  KetU  Mathfmafiick  hmrbtif^  ron  Dr.  G,  S. 
Ohm,  Berlin.  1827.)  The  problem  n  in  every  respect 
umils^r  to  that  of  tho  flow  of  heat  through  a  body,  and 
Iftlien  generallyi  leada  to  complex:  caleulationa  of  tho  same 
kind.      Dut  Dr.  Obm,  by  limiting  the  iJiMbltmi  in  the  Qrut 
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pIfl£Q  by  conditiona  which  tho  usutkl  natciro  ajid  form  of 
Toltaio  appiinitua  raigguHt,  hae.  boon  ablo  to  givo  groat  mm- 
plieiCy  to  liid  roaaonrngB^  Tbfso  condiCioua  are,  the  linear 
form  of  the  cotiduGtora  (wir«a)  and  the  BteadineM  i>f  tho 
electric  stale.  For  thiB  part  of  the  problem  Dr,  Ohm'a 
rcAtioniiigs  are  s^  simple  and  ad  demonatrati^'G  ba  the  ele- 
mcntar^r  propoaitiooa  of  MeohitnicB.  The  fonniilro  for  the 
olectrie  force  of  a  voltsjo  current  to  uhicb  ho  ia  led  have 
boon  expodmentally  veriiiod  by  othere,  cepccially  Feohner 
(Mavt-bettivatiangm  Uter  die  GahanitcJie  JCetU.  Leipzig* 
1831^)  Gaufis,  in  the  IftsuUs  of  ihc  Miiff7t$iia  ^ttOctcAwn  ; 
Lenz^  Jacobi,  Poggondotf,  and  Pouillet- 

Among  ouraelTes,  Mr,  Wheatstono  hna  confimn>d  and 
n.pp!i<>d  the  viowa  of  M-  Ohm,  in  a.  Memoir  On  New  Ingtrn- 
Twnta  and  ProoosMB  fir  ddaraiinijiff  the  CoJtetanU  of  a  VoL 
ttticCiTCMi,(FhiLTrane.  1843,Pt.ii,)  He  there  remarkB, 
that  the  clear  idooa  of  electromotivo  forces  and  roaifltances, 
■ubstituted  by  Ohm  for  the  vague  nolions  of  quantity  and 
mtcnsity  which  have  long  bf«n  prcvalpntn  give  ftatisfectory 
eirplanatrona  of  the  moat  important  diflicultira^  and  expreM 
the  ]aws  of  &  vast  number  of  phc^nnincita  in  formuke  of 
r^markabltr  sjniplicity  and  generality.  Id  this  MomoiTi 
Profe^or  Whe^Utone  deseribea  an  inetrDment  which  ho 
termB  ihe  J^JtEosiat,  becauM  it  brings  to  a  conunon  stmidard 
the  -voltaic  currctits  which  are  compared  by  ii.  He  geno" 
ralis^ea  tho  language  of  the  anhjcct  by  employing  the  term 
rfuom(}tor  for  any  appamtuji  which  originatoFt  an  fleotm 
cnirent  (lA-hfttiiiT  voltaic  or  thermoHoctrie,  &<?,)  and  rA«- 
mpiof  for  auy  instrument  ti>  meomiro  the  force  of  ench  a 
ourrent.  It  appoaru  tiiat  the  idea  of  conatruoting  an  in- 
struuiont  of  the  nature  of  the  Hheoatat  had  occurred  also 
to  Prof.  Jacob!,  of  St.  Petersburg. 
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,.-.,..    Soon  liad  bis  crew 
Opened  into  the  MU  a  Bpadons  wound, 
And  digged  out  nba  of  gold    .    .    .    . 
Adoq  out  of  the  oarth  a  fiibric  hu^ 


CHAPTER  r, 


^HOVZ^rENT  OF  TEE   NoTIOS   OF  CflEmCAL  AnA- 

LTais.  AND  Recognition  of  it  as  the  Spagiric 
Aht, 

THE  doctrine  of  **the  four  elements"  is  one  of 
the  oldest  raonuments  of  man's  speculative  na- 
lure;  go<?s  back»  perhaps,  to  times  anterior  to  Greek 
philosophy;  and,  as  the  doctrine  of  Aristotle  and 
G&lcn,  reigned  for  fifteen  hundred  years  over  the 
Gentile,  Christian,  and  Mohaminedan  worid.  In 
medicine*  taui^ht  as  the  doctrUie  of  the  four  "ele- 
moatary  qualities,"  of  which  the  human  hody  and 
all  other  substances  are  compounded,  it  had  a  very 
powerful  and  extensive  Influence  upon  medical  prac- 
tice- But  this  doctrine  never  led  to  any  attempt 
ally  to  analyze  bodies  into  their  supposed  ele- 
ent5  ;  for  composition  was  inferred  from  the  re- 
semblance of  the  qualities,  not  from  the  separato 
exhibition  of  the  itigredients ;  the  supposed  analysis 
WIS,  in  short,  a  decomposition  of  the  body  iato 
adjectives,  not  into  substances. 

This  doctrine,  therefore,  may  be  considered  as  a 
gative  state,  antecedent  to  the  very  beginning  of 
Itemistry;  and  some  progress  beyond  this  mere 
negation  was  made,  as  soon  as  men  began  to  cn- 
eavour  to  com|K>und  and  decompound  substances 
ly  the  use  ot  fire  or  miTtture,  however  erroneous 
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might  be  thD  opinions  and  expoctationR  which  thoj 
combined  with  tbeir  attempts.  Alchemy  is  a  step 
in  chemistry,  so  ^  as  h  implies  the  rGCOgnition  of 
the  work  of  the  cupel  and  tlio  retort,  as  the  pro- 
duce of  analysis  and  synthesis.  How  perj>ioKc<l 
and  perverted  were  the  forms  in  which  this  recog- 
nition was  clothed, — how  mixed  up  with  mystical 
follies  and  6xlrava^ajicies,  wo  have  aJready  sera; 
and  tliG  share  which  Alcliemy  had  in  the  formation 
of  any  sounder  knowlc[Igc.  is  not  such  as  to  justify 
any  further  notice  of  that  pursuit. 

The  result  of  the  attempts  to  analyze  bodies  by 
heat,  misture,  and  the  like  processes,  was  the  doc- 
trine tliat  tlie  first  princij>les  of  things  arc  thr&f.^ 
not  four;  namely,  gaU,  stUphvr,  and  •jnerttin/;  and 
that,  of  these  three,  all  things  are  oompounded»  la 
reality,  the  doctrine,  as  thus  slated,  contained  do 
truth  which  was  of  any  value ;  for,  though  the 
chemist  could  extract  Irom  most  bodies  portions 
which  he  called  salt,  and  sulphur,  and  mercury, 
these  najuea  were  given,  rather  to  save  the  hypo- 
thesis, tlian  because  the  substances  were  really  those 
usually  EO  called;  and  thus  the  supposed  analyses 
proved  nothing,  as  BojIg  justly  urged  against  them '. 

The  only  real  advance  in  chomical  theory,  there- 
fore, which  we  can  ascribe  to  the  school  of  the 
ilivm  prindj^lffs,  as  compared  with  those  who  held 
the  ancient  dogma  of  the  four  elements,  is,  the 
acknowledgment  of  the  changes  produced  by  the 
»  Shaw's  BoyJe,  5*^»coi  CAywwf,  pp.  rlI3.  313,  &o. 
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chemist's  operations,  as  boing  chaiig<*s  which  were 
to  be  accounted  for  by  the  union  and  separation  of 
substantial  elements,  or»  as  they  were  sometimes 
called,  of  hppostatical  principles^  The  workmen 
of  this  school  acquired,  no  doubt,  a  considerable 
acqunintanoc  with  llie  results  of  the  kinds  of  pro- 
cesses which  they  pursued;  they  applied  their  know- 
lodgo  to  the  preparation  of  new  mediciaes;  and 
some  of  them,  as  Paracelsus  and  Van  Hclmont^  at- 
tained, in  this  way,  to  great  fame  and  distinetion: 
but  their  merits,  as  regards  theoretical  chemistry, 
asonost  only  in  a  truer  conception  of  the  problem, 
And  of  the  mode  of  attempting  its  sslutiou*  thaji 
thfir  pwHlcce93ors  bad  entertained. 

This  step  is  well  marked  by  a  word  which,  about 
the  time  of  which  we  speak,  was  introduced  to 
iteiK>te  the  chemist's  em[iloyniont.  Tt  was  called 
the  Spatjiric  art,  (often  misspelt  Spitgyric,)  from 
two  Greek  words,  (airaw,  arf^lpui^)  which  mean,  to 
separate  parts,  and  to  unite  them.  These  two  pro- 
cesses, or,  in  more  modern  language,  tniahfsia  and 
VTffithr^is,  constitute  the  whole  husiness  of  the 
chemist.  We  arc  not  making  a  fanciful  arrange- 
ment, therefore,  when  wo  mark  the  recognition  of 
this  object  as  a  step  in  the  progress  of  chemistry. 
i  now  procee*!  to  consider  the  manner  in  which 
the  conditions  of  this  analysis  and  synthesis  were 
further  developed. 
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Doctrine  of  Acid  ajjd  Alkali. — Sylvius, 

AMONG  the  results  of  mixture  obsen"ed  by 
chemist^  wore  nianj'  instances  in  which  two 
mg^dients.  cacli  In  itself  pungent  or  destructive; 
being  put  together,  became  mJId  and  inoperative ; 
each  count Gracting  and  neutralizicg  the  activity  of 
the  other.  Tiie  notion  of  such  opposition  and  neu- 
trality is  applicable  to  a  very  w^ide  range  of  chemical 
processes.  The  person  who  appears  first  to  hare 
steadily  seized  and  generally  applied  this  notion  is 
Francis  de  la  Boe  Sylvius;  who  was  bom  iu  1614, 
and  practised  medicine  at  Amsterdjun,  with  a  suc- 
cess and  reputation  which  gave  great  currency  to 
his  opinions  on  that  art'.  Ills  chemical  theories 
were  propounde*!  as  snbordinato  to  his  medical  doc- 
trines; and  from  being  thus  presented  nnder  a  most 
important  practical  aspect,  excited  far  more  atten- 
tion than  mere  theoretical  opinions  on  the  composi- 
tion of  bodies  could  have  done.  Sylvius  is  spoken 
of  by  historians  of  science,  as  the  founder  of  the 
i€ttr(H^hemkal  sect  among  physicians;  that  is,  the 
sect  which  considers  the  disorders  in  the  human 
frame  aa  the  effects  of  cliemical  relations  of  the 

'  SpreDgol.  GercMchit  dcr  Af^nryJcaiutf,  va].  Jt,  ThomBOD'a 
Ifigtojy  of'  Chemistry  in  llie  oarrasiponding  part  lb  tniifiUlcd 
from  SpPCTgeL 
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fluids,  and  applies  to  tliGm  niudes  of  cure  foundod 
upon  this  doctrine.  We  have  here  to  speak,  not  of 
his  physiological,  but  of  his  chcmica.],  views. 

The  distinction  of  acid  and  alkathw  bodies 
{rtdduiJit  lu^irtfTP.)  was  faniifiar  before  the  time  of 
Svlvius;  but  he  framed  a  system,  by  oonsidering 
th$m  both  as  eminently  acrid  and  yot  opposite,  and 
by  applying  this  notion  to  the  human  frame.  Thus' 
the  lyniph  contains  an  acid,  the  bile  an  alkaline 
^t  These  two  opposite  acrid  substances,  when 
4hey  are  brought  together,  neutralize  each  other 
{ift/'rimjmU\  and  are  changed  into  an  intermediate 
Aud  milder  sub^^tauco. 

The  progress  of  this  doctrme.  as  a  physiological 
one,  is  an  important  part  of  the  history  of  medical 
ficienoe  in  the  seventeenth  century;  but  with  that 
we  are  not  here  concerned.  But  as  a  chemical 
doctrine,  this  notion  of  the  opposition  of  acid  and 
alkali,  and  of  its  very  general  applicability,  struck 
deep  root,  and  has  not  been  eradicated  up  to  our 
<IWII  time.  Eoylo,  indeed,  whose  disposition  led 
hint  to  suspect  all  generalities,  expressed  doubts 
with  regard  lo  this  view";  and  argued  that  the  sup- 
position of  acid  and  alkaline  pails  in  all  bodies  was 
precarious,  their  offices  arbitrary,  and  the  notion 
of  them  unsettled.  Indeed  it  was  not  difficult  to 
fihow»  that  there  was  no  one  certain  criterion  to 

'  Dc  Melfiodo  Mait-ndi,  AmsL  IGTO.    Lib.  li.  cip.  28,  Hccta.  3 
ud53- 

'  Bh&w'B  BoyU,  ill.  p.  432, 
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which  all  supposed  acids  confomioA  Yet  the  general 
conception  of  suth  a  combinatioTi  as  that  of  add 
and  alkali  was  supposed  to  be,  served  so  well  to 
express  many  chemical  facts,  that  it  kept  its  ground. 
It  is  Ibuad,  for  instance,  in  Lcmcry's  Ckemistrjf, 
which  was  one  of  those  lu  most  general  use  before 
the  introduction  of  tho  phlogistic  theory.  In  this 
work  (which  was  translated  into  English  by  Keill, 
in  1698)  we  find  alka1i(?s  defined  by  their  effer- 
vescing with  acids'.  They  were  distinguished  as 
the  mineral  alkali  (soda),  the  vegetable  alkali  (po- 
tassa)t  and  the  volatile  alkali  (ainnionia).  Again, 
in  MaC'iuer's  Chtnuifitrif^  which  was  long  the  teKl> 
book  in  Europe  during  the  reign  of  phlogiston,  we 
find  acids  and  alkalies,  and  their  union,  in  whidi 
they  rob  each  other  of  their  eharactt^nstic  pro- 
perties, and  form  neutral  salts,  stated  among  the 
leading  principles  of  the  science^ 

In  truth,  the  mutual  relation  of  acids  to  alkalies 
was  tho  most  essential  jjart  of  tho  knowledge  which 
chemists  possessed  concerning  them.  The  import- 
ance of  this  relation  arose  from  its  being  the  first 
distinct  form  in  which  the  notion  of  chemical  at- 
tra.ctioa  or  affinity  appeared.  For  tho  acrid  or 
caustic  character  of  acids  and  alkalies  Is,  in  fact,  a 
tendency  to  alter  the  bodies  they  touch,  and  thus 
to  alter  themselves ;  and  the  neutral  character  of 
tho  compounds  is  tho  absence  of  any  such  proclivity 
to  change.  Acids  aud  alkalies  have  a  strong  diH* 
*  Lomery,  p.  Sd<  '  Mocqucr,  p.  19* 
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position  to  unite.  Tiu^j  conaliim^  uflcn  with  vehe- 
mence, and  produce  neutral  salts;  they  exhibit.  In 
short,  a  prominent  example  of  the  chemical  attract 
tion,  or  affinity,  by  which  two  ingredients  are  formed 
into  a  compound.  The  relation  of  add  and  base 
in  a  salt  is,  to  this  day,  one  of  tho  main  grounds  of 
all  theoretical  reasonings. 

The  more  distinct  developement  of  the  notion  of 
such  chemical  attraction,  gradually  made  its  way 
among  the  cheniista  of  the  latter  part  of  the  seven- 
teenth aud  beginning  of  the  eighteenth  century,  as 
Wtf  may  see  in  the  writings  of  Boyle,  Newton,  and 
their  followers,  Beccher  speaks  of  this  attraction 
fts  a  7iuif;iit^imi ;  but  1  do  not  know  that  any  writer 
in  particular,  can  be  pointed  out  as  the  person  who 
firmly  establisbed  the  general  notion  of  chemical 
attraction. 

But  this  idea  of  chemical  attraction  became 
both  more  clearer  and  more  extensively  applicable, 
when  it  assumed  the  form  of  the  doctrine  QielecthG 
attractions,  in  which  shape  we  must  now  speak 
of  it 
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DocTRiNK  OF  Elective  Atte action 9, 
Geoffroy.    Behgman, 

THOUGH  the  chcmicat  combinations  of  bodies 
had  already  been  referred  to  attraction,  in  a 
vag^ie  and  general  manner,  it  was  impossible  to  ex- 
plain the  changes  that  take  place,  without  suppn&* 
in^  the  attraction  to  be  greater  or  less,  according 
to  the  nature  of  the  body.  Vet  it  was  some  time 
before  tbo  necessity  of  such  a  supposition  was  clearly 
seen.  In  the  history  <ff  thu  Frtnich  Academy  for 
171S  (published  171^),  the  writer  of  tbe  intro- 
ductory notice,  (probably  Fontenelle,)  says,  "That 
a  body  which  is  united  to  another,  for  example,  a 
solvent  which  bas  penetrated  a  metal,  sbould  quit 
it  to  go  and  unite  itself  with  another  which  we 
present  to  it,  is  a  thing  of  which  the  possibility 
had  never  liccn  guessed  by  the  most  subtle  philo- 
sophers, and  of  which  tbe  explanation  even  now  is 
not  easy."  The  doctrine  had,  in  tact,  been  stated 
by  Slahl,  but  the  assertion  just  quoted  shows,  at 
least,  t>iat  it  was  not  familiar.  The  principle,  how- 
ever, h  vcpy  clearly  stated'  in  a  memoir  in  the 
same  volume,  by  Geoffroy,  a  French  physician  of 
great  talents  and  varied  knowledge.  ''We  observe 
in  chemistry,"  be  says,  "certain  relations  amongst 
'  M^,  Acad.  Par,  m8,\'.2ty2. 
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ilififrent  Utfcdi^s.  wliit'h  eause  them  to  uEiite.  These 
relations  have  their  degrees  and  their  law9.  We 
observe  their  difterent  degrees  in  this ;— -that  among 
difterent  matters  jum hied  together,  which  have  a  cer- 
tain dispt^sitjiiik  to  unite,  we  lind  that  one  itf  thc^e 
_fiubstaTif^os  Hlways  unites  coiistaiitlv  with  a  certain 
ther.  prderably  to  all  the  rest,"  He  then  states 
that  those  which  unit«  by  pretererce,  have  "  plus  de 
rapjwrU''  or,  according' to  sl  plitii^w  afttTwards  nsed, 
mon^  affinity,     "And  [  have  siitisfied  myself'  he 

Is,  "that  we  may  deduce,  from  these  ohser- 
vatii)n.%  the  followiuK  pn>position.  which  is  very 
extensively  true,  though  I  cannot  enunciate  vi  as 
nniversal,  not  liaving  been  able  to  examine  all  the 
poasibJe  combinations,  to  assure  myself  that  1  should 
find  no  exception/*  The  proposition  which  he  states 
in  this  admirable  spirit  of  ]>hi!osophical  caution,  is 
this:  *'In  all  cases  where  two  subsljnres,  which 
have  any  disposition  to  combine,  are  united;  M 
there  approaches  them  a  third,  wliich  has  more 
affinity  u'ith  one  of  the  two,  this  one  unites  with 
the  third  and  lets  go  the  other."  He  then  states 
Ihese  alFnities  in  the  form  of  a  Table:  placing  s^ 
substance  at  the  brad  of  paeh  rolumii.  and  other 
sub.stances  in  succession  below  it,  according'  to  the 
order  of  their  affinities  for  the  suhslmiw?  whieb 
stands  at  the  head.  He  allows  that  the  separation 
is  not  always  complete,  (an  imperfection  which  he 
ascribes  to  the  ghitinosity  of  fluids  and  other 
causes.)  but,  with  such  pxceptloiis,  he  defends  very 
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rosolutely  nnd  successfully  liis  Tahle,  and  tht-  no- 
tions which  it  implies. 

The  va]ue  of  such  a  taliulatioD  was  immense  at 
the  tmie,  and  is  even  still  ver^  grrat;  it  enabled 
the  chemist  to  trace  lioforehaml  tlio  results  of  anj 
operation ;  since,  wlicn  the  ingredients  were  gi^'en, 
he  could  see  which  wen?  the  strongest  of  the  affini- 
ties brought  into  play^  and,  c on seiqu entity,  what  eona- 
pounds  would  he  fonned.  Geoflroy  himself  gave 
several  good  examples  of  tbis  use  of  his  table.  It 
was  speedily  adopted  intt>  works  on  chemistry.  For 
instances  Mnc<lUfr'  pJuues  it  at  the  end  of  his  hook; 
"taking  it,"  an  he  sayw,  "tu  be  of  great  usi*  at  the 
end  of  an  elcm<.Tit^ry  tract,  as  it  collects  into  one 
point  of  view,  the  most  essential  and  fundamental 
doctriTkes  which  are  dispersed  through  the  work." 

The  doctrine  of  EL'ciive  AU-radifntu,  a^  thus 
promulgated,  contained  so  large  a  mass  of  truth. 
that  it  wati  never  seriously  shaken,  though  it  required 
furtJier  dev elopement  and  correction.  In  particular 
the  celebrated  work  i>f  Torbern  Berg[iian,  professor 
at  Upsala,  On  EUctire  Aftmcfionn,  published  in 
1775,  introduced  into  it  material  improvements. 
Bergman  (jhserved,  that  not  only  the  order  of 
attractions,  but  the  i^fnn  of  tliost^  attractions  which 
had  to  form  the  ui^w  compounds,  must  be  taken 
account  ot)  in  order  to  judge  of  the  results  Thus*, 
if  wo  have  a  eombluatioii  of  two  elements,  P,  ^, 
(potassa  and  vitriolic  aeid^)  and  another  eombina^ 

'  Pref,,  p.  13,  '  Efrct.  At/raet.,jt,  19. 
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tion,  i,  w,  (lime  and  muriatic  acid,)  though  ?  has 
a  greater  Jitfiriity  for  P  than  for  L.  ye.t  the  sum  of 
the  attrActtons  of  P  to  m^  ^nd  of  L  to  ^.  is  ^r^ater 
tlkAu  that  of  the  original  [-mupoiimK  ruid  thcrctore 
if  tlie  two  combiuatioos  are  brouglit  together,  the 
new  compounds.  /',  w/,  and  A.  y,  Jini  fijnni'd. 

Thi?  Tatile  of  Klr.-ctivo  Attractions,  modifir^d  by 
BiT^ian  in  pursuance  of  these  views,  aud  corrected 
accordhig  to  the  advanced  knowledge  of  the  time, 
hct-ame  still  more  imiK»rI.int  than  before.  The  next 
step  was  to  take  into  account  tbo  i|LiantitiGS  of  the 
elements  which  combined;  but  this  leads  us  into 
a  UGW  train  of  investig;ation,  which  was.  indeed,  a 
natural  sequel  to  the  researches  of  Geotlro^  and 
Borgman. 

In  18(*3,  however,  a  chemist  of  groat  eminence, 
Borthollet,  published  a  W£»rk.  {Essai  de  Statique 
Chimi'intJ)  the  tend<?n(:y  of  wliicJi  appeared  to  he 
to  throw  the  subject  back  Into  thr!  comlition  in 
whioh  it  had  been  before  Geoftrov,  For  iierlhollet 
maintained  that  the  rules  of  chemical  combination 
wt»re  not  definite,  and  dependent  on  the  nature  of 
the  substum-eK  alone,  but  ludotinite.  dej>endiug  on 
the  i|uai]tity  present,  and  other  circumfitancea. 
Proust  answered  him.  and  as  Berzeliua  says*,  '4ter- 
thollet  defended  himself  with  an  acuteness  which 
makes  the  reader  hesitate  in  hl^  jiulgment;  hut  the 
great  mass  of  facts  hnallj'  decided  the  point  in 


Chem.,  L  iii'  p.  ^^ 


KS 


132 


HISTORY  OF  CHEMISTRY. 


favour  of  Proust."    Before,  however,  we  trace  the 

result  of  these  researches,  we  must  consider  Che- 
mistry as  extetkding  her  iDquiries  to  combustiOD  as 
well  as  mixture,  to  airs  as  well  as  fluids  and  solids, 
and  to  weight  as  well  as  quality.  These  three  steps 
we  shall  now  briefly  treat  ot 


133 


CHAPTER  IV. 

Doctrine  of  Actoipication  ani>  C*»MBUSTUiN. 
Phlogistic  Tueohy. 

"TJ UBLICA  TJON ofth^ Theori;  by  Beer/ier  and 

Jr  StfihL — It  mil  be  recollected  thai  we  are 
tracing  the  historv  of  the  ffvo^/retn^  oTily  of  Che- 
mistrj.  not  of  its  errnnrs: — that  we  are  concerned 
with  doctrines  only  so  far  as  they  are  true,  and 
have  remained  part  o£  the  received  system  of  che- 
mical truths.  The  Phlogistic  Theory  was  dep^iscd 
aiiJ  succeeded  bv  the  Theory  of  Osygen.  iJut  this 
oircuDDstance  must  not  lead  ns  to  ovcrUxik  the 
really  sound  and  permanent  part  of  the  opinions 
which  the  founders  of  the  phlogistic  theory  taught. 
They  brought  together,  as  processes  of  the  same 
kiniL  a  number  of  changes  which  at  first  appeared 
to  have  nothing;  in  common;  as  acidification,  com- 
hu.stion,  respiration,  Nuw  this  classification  is  true; 
and  lis  impurtance  remains  undimjni&he<l,  whatever 
are  the  explanations  which  we  adopt  of  the  pro- 
teases themselves. 

The  two  chemists  to  whom  are  to  he  ascribed 
tbe  merit  nf  this  Kt{^p,  aud  the  establishment  of  the 
fhlffjitifie  fh'orff  which  they  connected  with  it  are 
John  Joachim  Beccher  and  George  Ernest  Stahl; 
tiw^  former  of  whom  was  professor  at  Mentx,  and 
rhysieinn  to  the  Elector  of  Bavan.^  (horn    ISS-'j, 


134 


HISTORY  OF  CHEMISTRY. 


die<I  IQS'2),  the  latter  wm  proft-fwor  at  Halle.  ivnA 
atlonvards  rojal  physician  at  Berlm  (horn  \GQi), 
Uicd  1734).  These  two  men,  who  thus  coDlributed 
to  ft  common  }nirpase,  were  very  diftbrcjut  from 
each  other,  Hie  first  was  a  frank  and  aivlcnt 
enthusiast  in  the  pursuit  of  chemistry,  who  speaks 
of  himself  and  his  employments  with  a  communi- 
cativiyR^ss  and  aflxTtion  both  ^nu^hing  and  (^iiffagiiig. 
The  otJier  was  a  teacher  of  great  talents  nnd  in- 
fluence, hut  accused  of  haughtiness  and  raoroseness; 
a  chrLraeter  which  is  well  borne  out  by  the  manner 
m  which,  in  his  writings,  he  antici^mtes  an  un- 
favourable reception,  and  defies  it.  But  it  is  right 
to  add  to  this,  tliat  he  speaks  of  Beccher.  his  pre- 
decessor, with  an  u.ngnidp;ing  acknowledgenieiU  of, 
obliga.tinns  to  him,  and  a  vchonumt  assertion  of  falsi 
merit  as  tiie  founder  of  the  true,  system,  which 
give  a  strong  impression  of  Stahl's  justice  and 
inagnaitimity. 

Beccher's  opinions  were  at  Hrst  promulgated 
rather  i\n  a  correction  than  a  refutation  of  the  doc- 
trine of  the  three  principles,  salt,  sulphnr.  and 
mercury.  The  main  peculiarity  of  his  views  con- 
sists in  the  offices  which  he  ascribes  to  his  siffplnir, 
these  being  such  as  afterwards  induecn)  8tahl  to 
give  the  name  of  PhhtpsUm  to  lliis  element. 
Becoher  had  the  sagacity  to  see  that  the  reduetion 
of  metals  to  an  earthy  form  (calc).  and  the  foi^ 
mation  of  sulphuric  acid  iVom  sulphur,  are  opera- 
tions connected    by  a   general    analo;^,    as  helni^ 
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ike  processes  of  combustion.     Hence  the  metal 

as  supjK)SGd  to  GODSLst  of  au  eajth.  aud  of  twnie- 

g  which,   Id    the  prot^es^   of  combustion^  was 

parateil  from  it;  arid,  in  like  manner,  sulphur 

a»  siippo,^d  to  consist  of  the  sulpliurie  acid,  wliich 

mained  after  its  combustion,   and  of  the  com- 

u-^^tililo   jiart  iir  true  sulpiuir,  whieh  Al'W  ort  in. 

le  burning.     Beccher  insists  verj'  distinctl,v  upon 

this  ditference  between  his  element  sulphur  and  the 

"sulphur"  of  his  Paraceltiian  prcdtMrcHsont. 

It  must  bf  eonsidert'd  as  inditsiting  great  know- 
ge  and  talent  in  Stahl,  that  lie  perceived  so 
clearly  wliat  part  of  the  views  of  Bccchcr  was  of 
l^iieral  truth  and  perjnanent  value.  TI:ou^'h  he' 
(Ti'urTwhure  pives  to  Beccher  the  credit  of  the  the- 
^■pretical  opinions  which  he  promulgates,  ('^  Bee- 
^Bheriaiia  sunt  qua^  profero/')  it  seems  certain  that 
^Blu  bad  the  m(^^Lt.  not  onl;v  of  pntvin^^  them  more 
^^■omplctHv.  and  npplvin|]^  them  ninrc  widely  than 
Hhis  forerunner,  but  also  of  conceiving  them  with  a 
difitinetntTSs  which  Beccher  did  not  attain.  In  lGd7, 
npjH'arcd  Stahi'a  Zr/nwf^t^fmm  Fnnthmctdrdh  (the 
Doctrine  of  Fermentation),  **simulque  i^periitten- 
Irim  iioTum  sulphur  verum  arte  producendi."  In 
this  work  (brsides  otlier  tenets  which  the  author 
>nsidcP(*d  as  very  important),  the  o|miion  pub- 
hcd  bv  Beccher  was  now  maintained  in  a  very 
dutinct  tomi; — namely,  that  the  process  of  Forming 
MdphuT  from  sulphuric  acid,  aud  of  restoring  the 
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motab  JToni  thi^ir  cn.lcGs,  aro  analogous,  anij  tronsist 
alike  in  the  additlou  of  some  comlmstibl^'  elemeut, 
which  Stiihl  termed  phloifhton  {tpkoyiirTov,  omi- 
kistibk).  The  experiment  most  insisted  on  in  the 
work  now  spoken  of,  whs  the  formation  of  sulj»hur 
&om  sulphate  of  pota.ss  (or  of  soda)  by  fiKsing-  the 
Halt  with  an  alkali,  and  tlirowing  in  coals  to  supply 
phlop;istou.  This  is  the  "  experimentuin  novum." 
Tliouj;;h  Stahl  publiabeil  an  account  of  this  pructiss, 
he  seems  almost  to  have  regretted  his  openness, 
"lie  denies  not,"  he  says,  "that  he  should  per- 
adventure  have  dii^sembled  this  experiment  as  the 
truo  founJatiun  of  the  Beech i.'riaii  assertiorj  con- 
ceriiing  thi.!  nature  of  snlpiiur,  if  ht:  iiail  not  been 
provoked  by  the  pretending  arrogance  of  somo  of 
hid  ci>ntcm|)orarica»" 

Frorn  this  time,  Stahl's  confidEjtice  in  Win  theory 
may  be  traced  becttmlrig  more  aitd  more  nettled  In 
his  succeeding  publications.  It  is  hardly  necessary 
to  observe  bere,  that  the  explanatious  which  his 
theory  gives  are  easily  trati!^  torn  led  iiite  those  wbieh 
the  more  recent  theory  supplies.  According  tu 
modern  views,  the  addition  of  oxygen  takos  place 
in  the  fonnation  of  acid^  and  of  calces,  and  in  com- 
bustion, instead  of  the  subtraction  of  phlogiston. 
The  coal  which  Stahl  supposed  to  supply  the  com- 
bustible in  his  experiment,  does  iu  fact  absorb  the 
liberated  oxygen.  In  like  manner,  whca  an  acid 
corrodes  a  metal,  and,   accordiJig  to  the  existing 
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theorj.  combiner  with  and  oxidates  it,  Slahl  sup 
(K)sod  UiJit  til*'  ]thlrigiston  stiparaU'd  from  tlio  nietuJ 
and  <»oiiil>iTKrd  with  the  ncid.  Thut  the  o.xplauations 
of  the  phlogistic  theory  are  so  generally  capable  of 
being  translated  into  the  oxygen  theory,  merely  by 
inverting  the  supposed  transfer  of  the  couihustiblc 
dement,  shows  us  how  important  a,  step  towards  the 
modem  doctrines  the  phlogistic  theory  really  was. 

The  t|uestioii.  whether  these  processes  were  in 
fact  addition  or  subtraction,  was  decided  by  the 
balance,  and  belongs  to  a  sueeeeding  period  of  the 
scdence.  But  we  may  observe,  that  both  Beccher 
and  Stahl  were  aware  of  the  increase  of  weight 
which  metals  under|^o  in  ciileinatioii ;  although  the 
■time  ha<i  not  yet  arrived  in  which  thin  fact  was  to 
be  made  one  of  the  bases  of  the  theory. 

It  has  been  said'»  that  in  the  adoption  of  the 
(ihlo^stic  theory^  that  is,  in  supposing  the  above- 
mentioned  proees^^s  to  he  addition  rutlier  than 
suMraction,  "of  two  possible  roads  the  wrong  was 
chos4'iL,  as  if  to  prove  the  perversity  of  the  human 
mind."  But  we  must  not  forget  how  natural  it  was 
to  suppose  that  some  part  of  a  body  was  d^i^WopaJ^ 
or  removed  by  combustion;  and  we  may  observe, 
that  the  merit  of  Beccher  and  Stahl  did  not  consist 
in  the  sdeetiou  of  one  road  of  two,  but  in  advanc- 
ing »o  far  as  to  reach  this  point  of  separation. 
That,  having  done  this,  they  went  a  little  iiirther  on 
the  wron^  line,  was  an  errour  which  detracted  little 
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from  ihr  merit  or  value  of  the  prepress  reallv  made. 
It  would  b(i  L'fisj  to  show,  from  tho  writm^^  of 
phlo^stic  clicmiats.  wliat  important  aud  esteusive 
truths  their  theory  enabled  them  to  express  simplv 
and  clear  I V, 

That  an  enthusiastic  temper  is  favourable  to  the 
prodm^tion  of  great  discoveries  in  science,  is  a  rule 
which  autfers  no  exception  in  the  character  of  Bec- 
cber.  Ill  Wifi  preface'  iiddrt^ssed  "to  tht?  l>oncvolciit 
reader"  oi'  Wm  Pfii/trirrt  Suf'UrrrfJjica,  he  spr^alis  of 
the  chemists  as  a  strange  class  of  mortals,  impelled 
by  an  almost  insane  impulse  to  seek  tlielr  pleasure 
among  smoke  and  vapour,  t^oot  and  l^ame,  poisons 
and  jinverty.  '■  Vet  among  ull  these  ovils."  he  says, 
**!  scorn  to  myself  to  live  so  sweetly,  that,  may  I  die 
if  I  would  change  places  with  the  Persian  king." 
He  is.  indeed,  well  worthy  of  admiration,  aj5  one  of 
the  first  who  pursued  the  labours  of  the  ftirnace 
aud  the  laboratory,  without  the  hnl^e  of  golden 
LopeSn  "My  kingdom,"  he  says,  ''is  not  of  this 
world.  I  trust  that  I  have  got  bold  of  my  jiitchfT 
by  the  right  handle,— the  true  nu?thod  of  treating 
this  study.  For  the  Psr^udoc/nm/'/aFs  seek  gohl ;  but 
the  trv^  pffihr'opkri'it.  science,  ^^hich  is  more  pre- 
cious than  any  gold." 

The  Fhysica  SubterrfJitcu  made  no  converts, 
Stahl.  in  bis  indiprtiant  manner,  says'.  ''No  ouc  will 
wortder  that,  it  never  yet  obtained  a  physician  or 
chemist  as  a  disciple,  still  less  iis  an  advocate."  And 

'  Frankf-hfL  KifU.  '  iVitf.  PAi^-  ■^''*'  1'*^"* 
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again,  ^This  work  obtained  very  little  reputatioD 
or  eslimation,  or,  to  speak  ingenuously,  as  far  as  1 
kuQw.  none  whatever,"  hi  1071,  Beccher  published 
a  supplement  to  his  work,  la  which  he  showed  Iiuw 
mi'tab  might  be  e-\traeted  fri>n]  luud  aiiil  f^nd.  He 
otitTed  to  execute  thiF*  at  Vienna;  but  tbimJ  that 
people  there  cared  nothing  about  sucli  novelties. 
He  was  then  induced,  by  Baron  D'Jsola.  to  go  to 
Holland  tor  similar  purpow?;.  Al'tnr  various  delays 
and  quarrels,  he  was  ohliged  to  leave  Holland  for 
fear  of  liis  creditors ;  and  then,  J  suppose,  came  to 
Great  Brit;iin.  whi^re  ht;  examined  the  Seottii^h  and 
Comisfi  mines,  lie  hi  ^d  to  have  died  in  London 
in  108-2, 

Slahl's  [lublicaticns  appear  to  have  excited  more 

notice,  and  led  to  controversy  on  the  ''so-called 

Hsulpbur."     The  success  of  the  experiment  had  been 

doubted,  which,  as  he  remarks,  it  was  foolish  to 

uiake  a  matter  of  discuission,  when  any  one  mi-;;!!! 

dctnde  the  point  liy  *!X[)eriment :  ami  finally,  it  had 

been  (luestioTiod  whether  tlie  suhst;ince  obtained  by 

this  process  were  pure  sulphur.     The  orip^inality  of 

hjfi  di.ietriae  was  also  questioned,  whieii,  as  lie  ^ays, 

could  not  w^ith  any  just iee  be  impugned.     He  puh- 

hshed  in  defence  and  developenient  of  his  opinion 

at  various  intervals,  as  the  *S^fc;;;'^'«  Bect-keriauaj/i 

in  17U3,  the  Doaiinentum  Tlworm  Decckf^riana'^  a 

Diftserlatiun  Ik'  Analmnid  SnIj'Intrrs  At'tfj}ciali»: 

iiad  tinalLy.  Cftsual  Thoughts  on  the  ^o-mfiml  SnU 

phur,  in  171^,  in  which  he  gave  (in  Gorman)  itoih 
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aD  historical  and  a  systematic  view  of  his  opinions 
oil  the  nature  of  salts  and  of  his  Phlojjiston. 

Jie&*pfiti/i  ftml  ApjiUrMlon  of  the  Theory. — The 
theorj'  thitt  the  formation  of  sulphuric  acid,  aud  the 
restoration  of  metals  from  their  calces,  are  analo- 
gous processes,  and  consist  in  the  addition  of  phlo' 
giatoTt^  was  soon  widely  received  ;  and  the  Phlogistic 
School  was  thus  ('staMishcd,  From  BtTlin,  its  ori- 
ginal seal,  it  was  diffused  into  all  parts  of  Europe. 
The  general  reception  of  the  theory  may  be  traced, 
not  only  in  the  use  of  the  term  '*  phlogiston,"  and  of 
the  explanations  which  it  implies;  but  in  the  adop- 
tion of  a  nomenclature  founded  on  those  explana- 
tions* which,  though  not  very  extensive,  is  sufficient 
evidence  of  the  i)r(?vEileiice  of  the  theory.  Thus 
when  Priestk?y,  in  1774,  diacovf^rcd  oxygen,  and 
when  Scheele.  a  little  later,  discovered  chlorine, 
these  gases  were  termed  thiiffdnifistir^itt^l  tiir^  aud 
f/ti/i/fli^ffistiruted  ntiiri/n*  tir-iil:  while  azotic  acid  gas, 
having  no  disposition  to  combustion,  was  supposed 
to  be  saturated  with  phlogiston,  and  wa*  called 
plilofjhiirfikd  air. 

This  phrjweologj'  k(^pt  its  gnimid,  till  it  was 
expelled  by  the  antiphlogistic,  or  oxygen  theorv- 
For  instance.  Cavendish's  papers  on  the  chemistry 
of  the  airs  are  expresHed  in  terms  of  it  althougti 
his  researrhea  led  him  to  the  confines  of  the  now 
theory.  We  mnst  now  give  an  account  of  such 
researches,  and  of  the  consequent  revolution  in  the 
science. 
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CHAPTER   V. 
Chemi9TRY  of  Gaseb, — Black.     Cavendish. 

THF.  study  of  tht!  pri)pprtios  nf  atiriform  suh- 
atances,  or  Pneumatic  Chpinistry.  as  it  was 
called,  occupied  the  chemists  of  the  eig;hteenth 
century,  and  wis  the  main  occasion  of  the  ^eat 
advance.^  which  the  scieiioe  mjido  at  tliat  [M?riod, 
The  most  material  ^Doral  truths  which  came  into 
view  in  the  course  of  these  researches,  were,  that 
gA£es  were  to  l>e  huuibered  iimonj^  the  constituejit 
elements  of  solid  and  fluid  htidies;  jind  that,  in 
theso,  as  in  all  other  eases  of  eoinjiosition,  the  com- 
j>ouDd  was  equal  to  the  sum  of  Us  elements.  The 
latter  proposition,  indeed,  caiinut  he  looked  upon  as 
a  discovery,  ibr  it  had  henn  frequently  aeknow- 
leiigcd,  though  little  applitni :  in  fa^rt,  it  could  not 
be  referred  to  with  any  advantage,  till  the  aeriform 
elements,  as  well  as  others.  W(^re  taken  into  the 
account.  Ak  soon  as  this  was  done,  it  produced  a 
revolution  in  chemistry  (f). 

The  credit  of  the  first  j^eat  step  in  pneumatic 
chemistry  is.  with  justice,  assigned  to  Dr,  B]ac-k« 
afterwards  professor  at  Rdinhurpfh,  hut  a  young 
man  of  tlie  ag^^  of  twenty-four  at  the  time  when  he 
made  his  discovery  ^  He  found  that  the  difference 
betvreon  caustic  lime  and  common  limestone  arose 

'  ThooM^m'ji  Hut.  Chcm.  I  317- 
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from  this,  that  the  latter  suhsCance  consists  of  the 
ibrmer,  combinod  with  a  certain  air,  wldcb,  being 
thuK  fisaU  in  the  solid  bodj,  be  aiWcd  Jrrod  air 
(ctirbonie  aeid  gas).  He  found,  too^  that  nm^esia, 
caustic  |iot*T^h,  and  caustic  soda,  would  comhinc 
with  the  same  air,  with  similar  results.  This  dis- 
cover^' consisted,  of  course,  in  a  uew  interpretation 
of  oliserveil  chanj^s.  Alkalies  appeareil  to  he  made 
caustic  by  contact  with  quicklime?  at  tirst  Black 
imagined  that  they  underwent  this  change  bv  ac- 
quiring^ igneous  nL^tUiT  tj'um  the  i;|uicklinie;  but 
when  be  jierceived  that  tin;  lime  gained,  not  lost,  in 
magnitude  as  it  became  mild,  he  rightly  supposed, 
that  the  alkalies  wore  rendered  caustic  bv  impart- 
ing their  air  to  the  lime.  Tliis  discovery  was 
announced  in  BlackV  inan^^ral  dissertation,  pro- 
nounecd  in  175^1.  on  the  oecasion  of  hiH  tsikin^  his 
degree  of  Doctor  in  the  University  of  Ediiiburgh. 

The  chemistry  of  airs  vt'^s,  pursued  by  other 
experimenters.  Tlie  Honourable  Henry  Cavendish, 
about  1765.  invented  an  apparatus,  in  which  aerial 
Huids  are  contiued  by  water,  so  that  they  can  be 
managed  and  examini:d.  Tliifc  by dro-pncu matte  ap- 
paratus, or,  as  it  is  sometimes  entiled*  (he  jnrettfJiufic 
troti(}h,  from  that  time  was  one  of  the  most  indis- 
pensable parts  uf  the  chemist's  apparatus.  Caven- 
dish", in  17t!(>,  showed  tho  identity  of  the  properties 
of  fisted  air  derived  from  various  sources :  and 
pointed  out  the  peculiar  qualities  of  i-^flammaUe 

'  Pl>ii.  Tran^.  J70Ti, 
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flfT,  taftcmards  called  hydrogen  p;^^)  whiob,  boing 
iiino  tfmcs  lighter  thtm  tijinnioii  air,  aqoi\  ;ittmctcd 
general  notice  by  its  employment  for  raising  bal- 
loons. The  promise  of  discovery  which  this  subject 
now  offered,  attracted  the  confident  and  busy  iiiirid 
of  Pricstli-y,  wluise  Eytperuiwul^  ftttd  Ofin''rr'jtimii' 
an  difft-ent  khtth  tj' Air  ai^pejired  In  I74J-70,  In 
these  volumes,  he  describes  an  extraordinary  num- 
ber of  trials  of  various  kinds;  the  results  oi"  whit^h 
were,  the  discovery  of  new  kinds  of  air.  namely^ 
phfofihiwtited  nir,  (a/otic  t^as,}  nUronti  im\  (nitroTia 
gas,)  aTid  lU'phh^igticnted  ab\  (oxygen  gas). 

But  the  discovery  of  new  substances,  though 
valuable  in  >supplyiikg  chemistry  with  materials,  was 
ncit  so  iinpnrtHut  jih  ditieoveries  respecting  their 
modes  of  composition.  Among  such  discoveries, 
tliat  of  Caveudish^  published  in  the  Phiht^iyptiicai 
Trant^actiojis  for  I7B4,  and  disclosing;  the  eoniiKJsi- 
tina  of  \\ni*.:r  by  the  unitiu  of  two  gases,  oxygen  and 
bydrojfen,  must  be  considered  as  holding  a  moat 
diBtiu^^Tiished  place.  He  states\  that  "his  experi- 
nK^nti^  were  mo^e  priucipally  \v\i\\  a  view  to  find 
out  the  OJLUse  of  the  diminution  which  common  air 
is  well  known  to  sutler,  by  all  the  various  ways 
ID  which  it  is  phlogisticated ."  And,  after  describing 
variou'^  uusuccessfui  attempts,  he  Hnds  that  wheu 
inllauiinahle  air  is  used  in  thi:^  phlogist [cation,  (or 
burning,)  the  fiiminntion  of  the  common  air  is 
accoinpauied  by  the  formation  of  a  dew  in  the 
apparatus'.     And  thus  he  infers^  that  ^almost  all 

»  P/iU.  rrtu.i'AlWA,  (I,  lia       ■  Up.  |.   vim         '-  Ib.p  I3H, 
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the  inflammaiile  air,  and  rme-fifth  of  ihp  r-omniDn 
air.  are  tamed  into  pure  water." 

Lavoisier,  to  whose  researches  this  result  was, 
as  we  shall  soon  see.  very  important,  was  employed 
in  a  similar  attempt  at  the  same  time,  (1783,)  and 
had  alrca<ly  succueded"  when  he  learned  from  Dr. 
Blagden.  who  was  present  at  the  experiment  that 
Cavejjiiish  had  made  the  discovery  a  few  mouths 
sooner.  Monge  had,  about  the  same  time,  made 
the  same  experiments,  and  communicated  the  result 
to  Lavoisier  and  Lapiace  immediately  afterwards. 
The  syntbuiiijrt  was  soon  ncnfinned  by  a  correspond- 
ing analysis-  Indeed  thr  discovery  undoubtedly 
lay  in  the  direct  path  of  chemical  research  at  the 
time.  It  was  of  great  consei[uence  in  the  view  it 
gave  of  experiments  in  composition  ;  for  the  small 
quantity  of  water  produced  in  many  snch  procf-ases, 
had  been  quite  overlooked;  though,  as  it  now  ap- 
peared, this  water  offered  the  key  to  the  whole 
interpn station  of  the  change. 

Though  j^imR'  objections  to  Mr,  Cavendish's  view 
were  ortered  by  Kirwanl  on  the  whole  they  w^re 
generally  received  with  assent  and  admiration. 
But  the  bearing  of  these  discoveries  upon  the  new 
theory  of  I«ivoisier,  who  rejected  phlogiston,  was 
so  close,  that  wo  cannot  further  trace  the  history 
of  the  subject  without  proceeding  immediately  to 
that  theory  (rj). 

■  A.  P.  17«1,  p.  472,  '  P.TA'm,  p.  154, 
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Sect.  \^— Prelude  fo  tAf  Theory. — Its  Puhlkathn. 

WE  arrive  bow  at  a  great  epocb  ui  the  history 
of  Chemistry.  Few  revoJutions  in  science 
have  I  III  mediately  rxt^ited  so  much  gfiipral  notice 
as  ibe  iutroduftion  of  the  thfory  of  oxygen.  The 
simplicity  and  symratHry  of  the  modes  of  combina- 
tion which  it  asEumt^d;  and.  above  all,  the  con- 
struction and  universal  adoption  of  a  nomenclature 
which  u.|i|dih^d  to  all  ^ubKtG,uces,  and  which  seemed 
to  reveal  their  iumu^t  conhiLitutiou  hy  their  name, 
naturally  gave  it  an  almost  irresistible  sway  over 
melt's  minds.  Wc  must,  however,  dispassionately 
trace  the  course  nf  its  introduction, 

Antoine    Lanrcnt    I*avoisier,    an    accomplished 

French  cbemiat,  had  ]tursuei  with  zeal  and  skill, 

rest*arches  such  ati  those  of  Blacky  Cavendish,  and 

Priestley,  whieh  we  have  described  above.   In  1774, 

he  showed  that,  in  the  calcinations  of  metals  in 

Air,  the  metal  acquires  as  much  weight  as  the  air 

loses.     It  mip;ht  appear  that  this  discovery  at  once 

oYtrturned  the  vit'W  which  sup[)ostid  the  metal  to 

be  phlog;iston  added  to  the  calx,     1-avoisicrs  con- 

tfmpotaries  were,  however,  far  from  allowing  this; 

*  greater  mass  of  argument   was  needed  to  bring 

VOL,   III,  L 
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them  to  this  conclusion.  Convincing  pi-oofs  of 
tif  w  opiriion  WTre,  Iniwovor,  rajjiJIv  sujiplicd.  Thus, 
when  Priestley  had  discoverefl  dcphlogisticated  air, 
in  1774,  Lavoisier  showed,  in  1775.  that  fixed  air 
consisted  of  charcoal  and  the  dephlogiBtieated  or 
pure  air;  for  the  mercurial  calx  which»  heated  by 
itself  ^vos  out  pure  air,  gives  out,  when  heated 
with  charcoal,  fixed  air',  which  has,  therefore,  since 
been  called  r/rrfranip  acfd  pan. 

AgiLfTin  Lavciisicr  showed  that  the  atmoepheric 
ait  consists  of  pure  or  vital  air.  and  of  an  unmtal 
air,  which  he  thence  called  a;:^ot.  The  vital  alf  he 
found  to  be  the  agent  in  eomhustton,  acidification, 
calcination,  respiration  ;  all  thtisc  proccw«?s  were 
analogous;  all  consisted  in  a  decomposition  of  the 
atmosphenc  air,  and  a  fixation  of  the  pure  or  vital 
portion  of  it. 

But  he  thus  arrived  at  the  conclusioiv  that 
this  pure  air  was  added,  in  all  the  cases  in  which, 
according  to  the  received  tbeorr.  j^tt'xjiston  was 
HLihtnurtt'd,  and  clre  r-erstt.  He  gave  the  name'  of 
oayijen  {pHnciptf  oxitifhie)  to  "the  substance  which 
thus  unites  itself  with  metals  to  form  their  calces* 
and  with  eorabustiblo  substances  to  form  acids." 

A  new  thdorv  was  thu8  produced,  which  would 
account  for  all  the  fiicta  which  the  old  one  would 
explain,  and  had  besides  the  evidence  of  the  balance 
in  its  favour.  But  there  still  remained  some  ap- 
parent objections  to  be  removed-     Trt  the  action  of 

I  Mem.  Ac.  Par.  I77fl.  '  lb.  17«I,  i>-448 
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ffilute  a^ids  on  metals,  inflanimable  air  was  pro- 
duced. Whence  came  this  element'^  The  discovery 
of  tho  defompof^ition  of  wat*^r  sufficiently  answered 
is  *iuestion,  and  (converted  tht.'  objection  into  an 
argument  on  the  side  of  the  theory :  and  tlins  the 
omposition  of  water  was,  in  fact,  one  of  the  most 
rritical  events  for  the  fortune  of  the  LavoL^ierian 
I  d<«^rinc.  and  one  wbirli.  more  than  any  other, 
^Jedded  chemists  in  its  favour.  In  sneceeding  years, 
^■AToisier  showed  the  consistency  of  his  theory  with 
^Bll  that  W7LS  discovered  concerning  the  compt^^ition 
^Bf  alcohol,  oil,  animal  and  vegetable  substances,  and 
^many  other  bodies. 

it  is  not  necessary  for  us  to  consider  any  fiirther 
the  evidence  for  this  theory,  but  we  must  record 
I    %  few  eircumstancen  respecting  its  earlier  history. 
^■ky,  a  French  physician,  had  in  l(i30,  published  a 
^Hook,  in  which  he  inquires  into  the  grounds  of  the 
increase  of  the  weight  of  metals  hv  caU-i nation'. 
He  says,  "To  this  question,  then,  supported  on  the 
grounds  already  mentioned,  I  answer,  and  maintain 
with  oocfidenee,  tliat  the  increase  of  weight  arises 
from  the  air,  which  is  condensed,  rendered  heavy 
and  adhesive,  by  the  heat  of  the  furnace/'     Hooke 
and  Mayow  had  entertained  the  opinion  that  tho 
*ir  contains  a  "nitrous  spirit,'*  which  is  the  sup- 
porter of  conibuhlioiK     But    Lavoisier  disclaimed 
the  charge  of  having  derived  anything  from  these 
wurc«s;  nor  is  it  difficult  to  understand  how  the 
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recoivt'U  jj^jnTali/jitions  nf  thi^  jihlogistii'  theory 
had  thr'iwii  all  such  ii^LrniwcT'  cx[jliLt]atioiis  luto 
obst-iu'itj'.  The  niorit  of  Lavoisier  consisted  in  his 
conibiiung  the  generality  of  Stahl  with  the  verified 
ci.»niift^tureH  of  R*?}'  atid  ftfayoiv. 

No  one  citulil  hjkve  a  better  claim,  by  his  early 
enthusiasm  for  science,  bis  extensive  knowledge, 
and  Uis  zealous  labours,  to  hope  that  a  ^eat  dis- 
covery ini^ht  fall  to  his  share,  tlian  I^voisli^r,  His 
father\  a  man  of  considerable  fortune,  had  allitwcd 
him  to  make  scieace  his  only  profession;  and  the 
zealous  philosopher  collected  about  him  a  number 
of  the  most  active  physical  inquirers  of  his  time. 
who  met  and  experimented  at  his  house  one  day 
in  the  weeL,  in  this  school,  the  new  chemistry 
was  gradually  formed,  A  few  years  after  tlie  pub- 
liuation  of  Priestley's  Urst  cxperioients,  Livoisier 
was  Htruek  with  the  presentinietit  of  the  theoiy 
which  he  was  afterwards  to  proiluce.  In  1771?,  he 
deposited^  with  the  secretary  of  the  Aeadejiiy,  a. 
note  which  euntained  the  j;;enn  nf  his  fiitnrr  doe* 
trines,  ''At  that  time,"  he  says,  in  explaining  this 
step,  "there  was  a  kind  of  rivalry  between  France 
and  En^dand  in  scieuco,  which  j^ave  importance  to 
new  experiments,  and  which  sometimes  was  the 
cause  that  the  writers  of  the  one  or  other  of  the 
nations  disputed  the  discovery  with  the  real  author." 
In  1 777.  the  editor  of  the  Memoirs  of  the  Acjideniy 
speaks  of  his  tlieory  as  overturning'  that  of  Stahl ; 

■  Biogr.  Unw  (Cuvht)  '  TUomsori,  n.  W, 
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but  tb I?  general  acceptance  of  the  new  opinion  did 
not  take  place  till  \a,tex. 


Sfvf.  2, — Rifcppiion  and  Cunfij'jiiaiion  of  the  Tkeory 

qf  Oj^^fu. 

TiTE  oxygen  theory  made  its  way  with  extniordi- 
u^v  rapidity  aiium^'  tlii^  best  pliilu.sopiicrs".  In 
17^(5,  that  is.  soon  after  Cavendish'Ti  synthesis  of 
water  had  removed  s^orae  of  the  most  formidable 
objections  to  it.  Berlliollol,  already  an  eminent  che- 
mist, declared  himself  a  convert.  Indeed  it  was 
somi  w  y;cneniUy  adopted  in  France,  that  Fourcroy 
promulgated  its  doctrinea  under  the  name  of  "La 
Chimle  Franc^aise,"  a  title  which  Lavoisier  did  not 
altogether  relixh.  Tiie  extraordinary  eloquence  and 
success  of  Fourcroy  as  a  lecturer  at  tlie  Jardin  dea 
Plantes.  had  no  small  share  in  the  diHiisioTi  of  the 
oxygen  theory;  and  the  name  of  **the  apostle  of 
the  new  chemistry"  which  was  at  first  given  him  in 
ridicule,  was  justly  held  by  him  to  he  a  glorious 
tlist  i  nation '- 

Guyloii  de  Morveau,  who  had  at  first  been  a 
^renuous  advocate  of  the  phlo^istia  theory,  waj* 
invited  to  Fiiris,  and  brought  over  to  the  o|dnions 
of  Lavoisier;  and  soon  joined  in  the  t'ormiititni  of 
the  nouionclaturc  founded  upon  the  theory.  This 
step,  of  which  we  shall  Khi>rtly  speak,  fixed  the 
new  doctrine,  and  diffused  it  further.    Delamethorw 

*  Tlioins'iii,  ii.  liWi,  '  CuvW,  f^/n^w,  i-  p.2(>- 
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alono  defended  the  phlogistic  theory  with  vigour, 
and  indeed  with  violence.  He  was  the  ijditor  of  the 
Journal  de  Pf/i/^iqufi,  and  to  erade  the  influence 
which  this  gave  hiin,  the  antiphlogistians*  esta- 
blished, as  the  vehicle  of  their  opinions,  another 
periodica!,  the  Ani/nleg  de  Chimie. 

Tn  England,  indeed,  their  success  was  not  90 
immediate.  Cavendish',  in  his  Memoir  of  1784, 
speaks  of  the  question  between  the  two  opinionfl 
03  doubtful.  "Tiiere  are,"  he  says,  "several  Me- 
moirs of  M,  Lavoisier,  in  which  he  entirely  disestrds 
phlogiston;  and  as  not  only  the  foregoing  e^^peri- 
ments,  hut  most  otlier  phenomena  of  nature,  seem 
explicable  as  well,  or  nearly  ns  well,  upon  this  as 
upon  the  commonly  believed  principle  of  pliiogi- 
stOD,"  Cavendi&b  proceeds  to  explain  his  experiments 
according  to  the  new  views,  expressing  no  decided 
preference,  however,  for  either  system.  But  Kir- 
wan,  another  linj^lish  chemist,  contested  the  point 
much  more  rcHilutely.  Hifi  theory  id(!nUfieti  in- 
ttammablo  air,  or  hydrogen,  witli  phlogiston;  and 
in  this  view,  he  wrote  a  work  which  was  intended 
as  a  confutation  of  tlie  essential  part  of  the  oxygea 
theory.  It  is  a  etrong  proof  of  the  steadiness  and 
clearness  with  which  the  advocates  of  the  new 
system  possessed  their  principles,  that  they  Imme- 
diately translated  this  work,  adding,  at  the  end  of 
each  chapter,  a  refutation  of  the  j>hlt)j^ifitic  doctrines 
which  it  contjiined,     Lavoisier,  Hertholtet*  Do  Mor- 

'  Thom^n,  ii.  133.  '   Phil   TratfU.  iTft*,  p.  hW- 
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Foureroy,  and  Mod^,  were  the  authors  of 
this  curiourt  spoctmen  oT  scientiiic  |j(jleinics.     It  is 
also  rcniarkabli?  evidence  of  the  candour  of  Kirwan, 
,t    notwithstanding  the  prominent  part  htj  had 
takt'U  in  the  controversy,  he  alioned  himself  at  last 
to  Im?  oonvinei^'L     After  a  struggle  of  ten  year's,  lie 
wrote'"    to    Dcrthollct  in  I7!)lj,  *'i   lay  down  my 
Amis,  and  abandon  the  cause  of  phlogiston. "    Black 
followed  the  same  course,     Priestley  alone,  of  all 
e  eheuiir^t^  of  ^eat  name,  would  never  assent  to 
c  new  doctrines,  though  his  own  discoveries  had 
ntributed  so  much  to  their  establishment-     "He 
sjiw,'^  say.s  Cuvier",  "without  Hinching,  tht^  most 
ilfnl  defoudcrs  of  the  aiu^imt  theory  go  over  to 
e  enemy  in  succcasion;  and  when  Kirwan  had* 
est  the  last  of  alU  abjured  phlogiston,  Priestley 
luained  alone  on  the  6eld  of  battle,  and  throw 
t  a  new  ehalleu^\  in  a  memoir  addrcr^sed  to  the 
inoipal  French  chemUts,"    It  happened,  curiously 
ou^h,  that  the  challenge  was  accepted,  and  the 
argurnenU  answered  by  M.  Adet,  wIkj  was  at  that 
lime  (irSB.)  the  French  amUiiMsaJor  to  the  United 
States,  in  wMch  country  Priestley's  work  was  pub- 
lidied.  Even  in  Germany,  the  birth-place  and  home 
of  the  phlogistic  thtiory,  the  struggle  was  not  long 
protracted,     Theri*  uas.  hideeii,  a  controversy,  the 
oMlt  philosophers  being,  as  usual,  the  deienders  of 
Oie  established  doctrines;  but  in   \70'2,   Klaproth 

'■  Fret  to  Ftmitwy'a  CJawittry.  liv. 
"  Cnvwr.  Eit^c  dc  Prifsiicy.  p.  2f)R. 
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repeatecl,  before  the  Academy  of  Berlin,  all  the 
fuiidaiuuritul  c-\pmrn*jnts ;  and  'Uhe  rt*sult  was  a 
full  conviction  on  the  part  of  KInproth  and  the 
Academy,  that  the  Jjavoisierian  theory  was  the  true 
one'V*  Upon  the  whole,  the  introduction  of  the 
LavoUierlau  theory  in  the  scientific  worlds  when 
onnipurcJ  with  the  great  revolntion  uf  upinion  to 
which  it  comes  nearest  in  importance,  the  intro- 
duction of  the  Newtonian  theory,  shows*  by  the 
rapidity  and  temper  with  which  it  took  place,  a 
great  improvement,  both  in  the  means  of  arriving 
at  truth,  and  in  the  sjfirit  with  which  they  were 
used. 

Home  English  writers'^  liave  expresseiJ  an  opi- 
nion tbat  there  was  little  that  was  original  in  the 
new  doctrinos.  But  if  they  were  so  obvious,  what 
are  we  to  Bay  of  eminent  ehen^ists,  afi  Black  and 
Cavendish,  who  liesitated  when  they  were  presented, 
or  Kirwan  and  Priestley,  who  rejected  them^  This 
at  least  shoft'S  that  it  required  some  peculiar  in- 
siglit  to  sec  the  evidence  of  these  trutlis.  To  say 
that  most  of  the  inatiTials  of  Lavoisier's  theory 
existed  before  him,  is  only  to  say  that  his  ^eal 
merit  wa^  that  which  must  always  be  the  great  fl 
merit  of  a  new  theory,  his  generalization.  The 
effect  wliich  the  publication  of  his  doctrines  pro- 
duced, shows  us  that  he  was  the  first  person  who, 

"  Tbomaon.  vol.  iL  p.  I3fi. 

"  Briuwle,  fJi'L   Diu.  it   Eitc  Brii.  p,  182.     Lumj,  CMem. 
in  Enc.  M^.  p,  51)6, 
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possessing  clearlv  tlip  iik'n  uf  <niantitative  eotn[>nsi- 
tion^  applied  it  stcn<lily  tr>  a  great  range  of  wtll- 
aseertaiaod  facts.  This  is,  as  we  have  often  had  to 
observe,  precisely  the  universal  description  of  an 
inductive  discoverer.  It  has  been  ubjected,  in  like 
maimer,  lo  the  origiiialitv  of  Newtun^s  diseoverii'S. 
that  they  were  contained  in  thrtse  of  Kepler.  'I  liev 
were  so,  but  they  needed  A  Newton  to  find  tbem 
there.  The  originality  of  the  theory  of  oxygi^n  is 
proved  by  the  coutliet,  short  as  it  was,  whirh  ac- 
companied  its  promulgation ;  its  importance  is 
fibouQ  by  the  changes  which  it  soon  occasioned  in 
©very  part  of  the  sejoncc. 

Thus  Lavoisier,  far  more  iortiniate  timn  most 
uf  those  who  had,  in  earlier  ages,  produced  revolu- 
tions in  science,  saw  bis  theory  accept<id  by  all  the 
must  emiTLcnt  men  of  his  time,  and  established  over 
a  great  part  of  Europe  witliin  a  few  years  from 
its  first  promulgation.  In  the  common  course  of 
events.  It  might  have  been  expected  that  the  later 
years  of  his  lift'  would  have  been  sjietit  amid  the 
admiratioTi  and  reverence  which  naturally  wait  upon 
the  patriarch  of  a  new  system  of  acknowledged 
truths^  But  the  times  in  which  he  lived  allowed 
no  such  eulhanasia  to  eminenee  of  any  kind.  The 
democracy  which  overthrew  the  ancient  political 
institutions  of  France,  and  swept  away  the  nobles 
of  the  land,  was  not  as  might  have  been  expected, 
enthusiastic  in  its  admirjition  of  a  great  revolution 
in  ^ieacc  and  forward  t^  offer  its  homage  to  the 
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geuuiue  nobility  oi'  a  great  discovprur.     I.avaisier 
was  thrown  into  prison  on  some  wretched  charge  of 
having,  in  the  diseiiar^  of  a  public  oflict^  nhicb 
he  held,  adulterated  certain  tobacco;  but  Id  roality. 
for  the  purpose  of  coofiscatiDg  his  property".     In 
his  imprisonment,  his  philosophy  was  his  resource; 
and  he  employed  hlmhelf  in  the  preparation  uf  hb 
papers  for  printing.     When  he  was  brought  before 
the  revolutionary  tribunal,  he  begged  for  a  respite 
of  a  few  days,  in  order  to  complete  some  re&earcheii, 
the  results  of  which  were,  he  said,  iiniwirtant  to  the 
good  of  humanity.     The  brutish   idiot,  w^hom  the 
state  of  the  country  at  that  time  had  placed  in  tho 
judgmeal-scat,  told  hini  that  the  republic  wanted 
no  B(;avans.     He  was   drat^tnl   to   the  guillotine, 
M.ay  the  Hth,  171)4^  and  beheaded,  in  the  tifty-second 
year  of  his  age ;  a  melancholy  proof  that,  in  periods 
of  political  ferocity,  innocence  and  merit,  private 
virtues  and   public  services,  amiable  niarmerj  and 
the  love  of  triends,  literary  fame  and  exalted  geuius, 
are  all  as  nothing,  to  protect  their  possessor  irom 
the  last  extremes  t>f  violence  and  wrong,  intiicted 
under  j lid leiui  fonna. 


Sect.  3, — No7iieni:(alur&  t^tftt?  Oxygen  Theory. 

Aa  we  have  already  said,  a  powerful  instrument  in 
establishmg  and  ditiTusing  the  new  chemical  theory, 
was  a  Systematic  Nomenclature  founded  upon  it, 
and  applicable  to  all  chemical  compounds,  which 

"  flic(fl.  Ump.  (CuviBr.) 
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was  sooD  construck^d  and  published  bv  the  authors 
of  the  theory.  Such  a  nomenclature  made  ite  way 
into  genera)  \ise  the  more  easily,  in  that  the  wajit 
of  such  a  system  had  already  been  severely  felt;  the 
names  in  coinmon  use  being  fantastical,  arbitrary, 
and  multiplied  beyond  measure.  The  number  of 
koun^  substaiKTs  h^  bt.'eome  so  ^reat,  that  a  list 
of  names  with  iu>  regulative  |}riuei|iie,  tuundi-d  on 
accident,  caprice  and  errour,  was  too  cumbrous  and 
ineonvenient  to  be  tolerated.  Even  before  the  cur- 
reney  which  Lavoisier's  theory  ciblaiTied,  these  evils 
had  led  to  attempts  towards  a  nK>re  Cijiivenient  set 
of  names,  Bergman  and  Black  had  constructed 
such  lists;  and  Guyton  de  Morveau,  a  clever  and 
aecromplished  lawyer  of  Dijon,  had  formed  a  system 
of  nomenclature  iit  I7H:Z,  before  he  had  become  a 
convert  to  Lavoisier's  theory,  in  which  task  he  bad 
boen  exhorted  and  encoura^d  by  Bergman  and 
Ma4V|uer.  In  this  systrm  '\  we  do  not  hnd  most  of 
the  chara*'U'rs  of  the  mtjthoil  wluch  wa^  jitk^rwards 
adopted.  But  a  few  years  later,  Lavoisier,  De  Mor- 
v^tau.  Berthollet  and  Fourcroy,  associated  them- 
SL'lvcs  for  the  purpose  of  producing  a  [mmeru.^lature 
which  should  correspond  to  the  new  theoretical 
news.  This  appeared  in  1787,  and  soon  made  its 
way  into  general  use.  The  main  features  of  this 
systism  are,  a  selection  of  the  simplest  radical  words* 
by  which  substances  are  designated,  and  a  syste- 
matic distribution  of  terminations,  to  express*  their 

'*  Journal  He  Phxfsitjitr^  1702,  p.  370- 
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relations.  Thus,  sulphur,  combined  with  oxvgeii  i(i 
two  diffLTi-'nt  proportions,  forms  two  adds,  the  sul- 
p}l«ro/^^'  And  the  s"l|iiiunV;,'  and  tlii'st'  ucids  fomi, 
witli  oarthy  or  alkaline  baseg,  sulplj?V*?5  and  sulph- 
ates;  while  sulphur  directly  combined  with  another 
element,  forms  a  sulphpn^f.  The  term  ox7/d  (now 
usually  writtt^u  o^ridi:,}  expressed  a  lower  dfgree  of 
conihi nation  with  oxjg'cin  than  the  acida.  The  Afi'- 
thode  de  Noimivchtitn'  Chhiiiitic  was  published  ta 
1787;  and  in  1789,  Lavoisi^ar  published  a  treatise 
on  chemistry  in  order  I'urther  to  explain  this  me- 
thod. In  the  preface  to  this  volume^  he  apologizes 
for  the  ^eal  amoutit  of  the  changes,  and  pleads  the 
authority  of  Bergman,  who  had  exhorted  De  Mor- 
veau  "to  spare  no  improper  names;  those  who  are 
leartied  will  a.lways  he  learned,  and  those  who  are 
ignorant  will  thus  learn  sooner."  To  this  maxim 
they  so  iar  conformed,  that  their  system  offers  few 
anomalies;  and  though  the  progress  of  discovery, 
and  the  consequent  changes  of  theoretical  opinions, 
which  have  since  gone  on,  appear  now  to  ret|uire 
a  further  change  of  nomendature ;  it  is  no  small 
evidence  of  the  skill  with  which  this  scheme  was 
arranged,  that  for  half  a  century  it  was  universally 
used,  and  felt  to  be  far  more  usetiil  and  eft'ective 
than  any  nomenclature  in  any  science  had  ever 
been  before. 


167 


CHAPTER   Vli, 

*ATION   AND   CoHRKtTlOV   OP  THE  OxYOEPf 

TilEOHY- 

OINCE  a  cheioical  theory*  as  far  as  !t  is  true, 
O  itiusi  eoahle  us  to  obtain  a  true  view  of  the 
iDtiiuatu  composition  of  all  boUies  whatcv*;r,  it  will 
readily  be  supposivl  that  the  new  cliemiatrj  led  to 
an  immense  number  of  analyses  and  researches  of 
various  kinds.  These  it  is  not  necessary  to  dwell 
upon  :  Eor  will  I  even  mi'iitiim  the  names  of  any  of 

Edit'  intelligent  and  diJi^'eitt  men  who  have  laboured 
L  this  iitbl.  Perhaps  one  of  the  most  striking  of 
null  analyses  was  Davy"'s  decomposition  of  the 
earths  and  alkalies  into  Jtietallic  bases  and  oxygen, 
b  1807  and  1808 ;  thus  extending  still  further  that 
analogy  between  the  earths  and  the  ealces  of  the 
inr-tals,  which  had  iirid  so  lar^e  a  J^han'  in  the 
fonnatioii  of  (rhemiea)  theories.  This  discovery, 
however,  both  in  the  means  by  which  it  was  made. 
and  in  the  views  to  which  k  led,  bears  upon  sub- 
ject&  hereafter  to  he  treated  oC 

The  Lavoisieriau  theory  also,  wide  as  was  the 

ranpre  of  truth  which  it  embraced,  required  some 

limitation  and  correction,     I  do  not  now  speak  of 

nie  erroneous  opinions  entertained  by  the  author 

the  theory:  as,  for  instance,  that  the  heat  pro- 

ced  in  combustion,  and  even  in  respiration,  arose 
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from  the  conversion  of  the  oxypjen  gas  to  a  solid 
consistence,  according  to  the  doctrine  of  latent  hoat. 
Such  opinions  not  being  necessarily  connected  with 
the  general  idea  of  the  theory*  need  not  here  be 
considered.  But  the  leading  generalization  of  La- 
voisier, that  acidiiieation  was  alwaps  combination 
with  oxygon,  was  found  untenable.  The  point  on 
which  the  contest  on  this  subject  took  place  wae 
the  constitution  of  the  oxi;muj'ifitk  and  muriaUr. 
acids; — as  they  liad  been  termed  by  Berthollet, 
from  the  belief  that  muriatic  acid  contained  oxygen, 
and  oxymuriatic  a  5till  larfjer  dose  of  oxygen.  In 
opposition  U}  i\\\^  a  new  doctrine  wsls  put  forwards 
in  l^^Of)  by  Gay-Liussac  and  Thenaj-d  in  France,  and 
by  Davy  in  Knglaiid : — nujnely,  that  o-xymuriatic 
acid  was  a  simple  substance,  which  tbey  termed 
chlorhie,  and  that  muriatic  acid  was  a  combination 
of  chlorine  with  hydrogen,  which  therefore  was 
called  hydrocJdijric  nmd^  It  tn;ty  be  obsi^n-ed,  that 
the  point  in  dispute  in  the  controversy  on  thb  sub- 
ject was  nearly  the  same  which  had  been  debated 
in  the  course  of  the  estabiisbniciit  of  the  oxygen 
theory  ;  namely,  whether  in  the  formation  of  muri- 
atic acid  from  chlorine,  oxygen  is  subtracter!,  or 
hydrogen  added,  and  the  water  concealed. 

In  the  course  of  this  dispute,  it  was  allowed  on 
both  sides,  that  the  combination  of  dry  muriatic 
acid  and  ammonia  afforded  an  eJ^erivientum  cnicig; 
since,  if  water  was  produced  from  these  elements, 
oxygen  must  havp  existed  in  the  acid.     Davy  being 
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i  EiJirburgh  iw  1«12.  thk  osperiment  was  made  in 
tht*  presence  of  scvural  eminent  pliilostjphers ;  and 
ihe  result  was  found  to  be,  that  though  a  slight  dew 
ap|>eared  in  the  vessel,  there  was  not  more  than 
might  be  ascribed  to  unavoidable  imperfection  in 
the  process,  aniJ  certainly  not  so  much  as  the  old 
eory  of  muriatic  acid  re^^nired.  The  new  theory, 
Iter  thi?  period,  obtained  a  clear  superiority  in  the 
^rainds  of  phiU)sophic:a[  cliemists,  and  was  further 
^Hipportcd  by  new  aoalo^tcs'. 
^H  For,  the  existence  of  one  hydracid  being  thus 
^■Btablishcd,  It  ivas  found  that  other  substances  gave 
^^imilar  conihiuatluiLs ;  and  thus  chemists  nhtained 
the  htfdrioiiic,  hffdroflit-orir^  and  lutdrabroinic  acids. 
These  acids,  it  is  to  be  ol>scrvcd,  form  satta  with 
bases,  in  the  same  manner  as  the  oxygen  acids  do. 
Tlie  analogy  of  the  muiiatii?  and  tluorlc  compounds 

kas  first  clearly  urged  by  a  philosopher  who  waa 
tt  peculiarly  engaged  in   chemical  research,  but 
ho  was  often  distinguished  by  his  rapid  and  happy 
geuerali/alions.    M,  Aiup^rcn      He   >^LipjH>rtiid   this 
lAnalogy  by  many  ingenious  and  (irigina!  argunients, 
^■d  letters  written  to  Davy,  while  that  chemist  was 
^KDgBged  in  bis  re^arches  on  fluor  spar,  as  Davy 
limself  declares'. 

Still  further  changes  have  b<'cn  proposed,  in  that 

lassification  of  clementriry  s^ubstances  to  which  the 

ygen  theory  led.     It  has  been  held  by  Uerzelius 

sind  others,  that  other  olements,  as,  for  example. 
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jiul|*liur,  form  fnihn  with  the  alkaline  and  eartby  me- 
taUs  ratlirr  tliaii  KulphuMs.  Tlir  diarax^er  of  tliese 
ifiilpffo-mlt-^,  liowover,  is  still  questioned  among;  che- 
mists: and  therefore  it  does  not  become  us  to  J^peak 
as  it' their  place  in  history  were  settled-  Of  course, 
it  Trill  easily  he  understood  that»  in  the  same  man- 
ner in  whidi  the  oxygon  theoi'y  introduced  its  owir 
proper  nomenclature,  the  overthro^\-  or  material 
transformation  of  the  theory  would  require  a  change 
in  tho  nonienclatun.^;  or  rather,  tho  aifomalies  which 
tended  to  disturb  the  theory,  would,  as  they  were 
detected,  make  the  theoretical  terms  be  felt  as 
inappnjpriate.  and  would  suB;gest  the  net^essity  of  a 
reformation  in  thfl,t  respei't.  But  the  discussion  of 
this  point  helou^s  to  a  step  of  the  scJenee  wdiich  is 
to  come  before  \\s  hereafter. 

It  may  be  obsen'ed,  that  in  approaching^  the 
limits  of  tliLs  part  of  our  subject,  ss  wo  are  now 
doin^,  tlie  ductriui?  of  tho  ermibination  of  flf^fh  nnd 
banfm,  of  which  we  formerly  traced  the  rise  and  pro- 
gress*  IS  still  assumed  as  a  fundamental  relation  by 
which  other  relations  are  tested.  This  n^mark  con- 
nects the  stage  of  chemistry  now  under  our  notice 
with  [fs  earliest  steps.  But  iu  order  to  point  out 
the  chemical  hearin;^  uf  the  next  subjects  of  our 
narrative,  we  may  further  observe,  that  vwtah, 
far/fru,  salft^,  are  spoken  of  as  known  chsseii  of  sufi- 
stances;  and  in  like  raauner  the  newly  discovered 
elements,  which  fomt  the  last  trophies  of  chemistry. 
have  lieen  distributed  Into  such  classes  according  to 
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leir  analogies;  thus  poUi^mtvu  soiiinn^,  ftariuTtt, 
hare  bwn  asserted  to  be  metals;  iadine,  hromive, 
J^imrht/'^  liave  been  arranged  as  aDalogical  to  i^hlo- 
r*iw.  Vft  tlii?re  IS  soiiU'tJiiiig  vagiie  and  indufiiiit^? 
in  the  toundaries  of  such  ("lassiti  cat  ions  u^nd  analo* 
Kie&;  aud  il  is  precisely  where  this  vagueuess  falls, 
tbrtt  tb«  science  is  flill  obscure  or  doubtful.  We 
are  led,  therefore,  to  see  the  depeudeuce  of  Che- 
mt^ttrr  upon  ClassificMiou ;  and  it  is  Ut  Scieiiees  of 
Chfdilicaiion  which  wc  shall  next  proceed ;  as  soon 
as  wc  liave  noticed  the  most  general  views  which 
Have  been  given  of  ehemical  relations,  namely,  the 
vievs  of  the  electro-chemists. 

But  before  we  do  this,  we  must  look  back  upon 
a  law  which  obtains  in  the  comblnatioik  of  element^ 
and  which  wc  h.ivc  liitherto  not  stated;  although 
it  appeaTvS  mort*  than  any  other^  to  reveal  to  us  the 
intimate  constitution  of  bodies,  and  to  offer  a  basis 
for  future  geueraliitatjons.  I  speak  of  ibe  Atomic 
Theojy,  as  it  is  usually  termed;  or,  as  we  might 
rather  call  it  the  Doctrine  nF  Definite.  Reciprocal, 
and  Multiple  Proportions, 


vou  lit 
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Thkohv  OF  Definite;  Reciprocal,  ant  McLnPLi 

PjiO  PORTIONS. 


Sect.  1, — Prelude  to  the  Atomic  Theory.  av4  its 
Publication  by  Dalton. 

TIIF  f^eneral  laws  of  cheinic&l  combioation 
aiinouneod  by  Mr,  Dahon  are  truths  of  the 
highest  importance  in  thp  science,  and  are  now 
nowhere  contested;  but  the  view  of  matter  as 
constituted  of  atoms,  which  he  has  employed  in 
conveying  those  laws,  and  in  expressing  his  opinion 
of  their  cause,  is  neither  so  important  cor  so  cer- 
tain. In  the  place  which  I  here  as-sign  to  his 
discovery,  as  one  of  the  great  events  of  the  history 
of  chemistry,  T  speak  only  of  thr  httP  of  fth^mo- 
fnencf,  the  rules  which  govern  the  quantities  in 
which  elements  combine. 

This  law  may  be  considered  as  consisting  of 
three  parts*  according  to  the  above  description  of 
it; — that  elements  combine  in  dejfnitif  proportions; 
— that  these  determining  proportions  operate  r^ct- 
procally; — and  that  when,  between  tlie  same  ele* 
ments,  several  combining  proportions  occur,  they 
are  related  as  TniMples. 

That  elements  combine  in  certain  definite  pro- 
portions of  quantity,  and  in  no  other,  was  implied. 
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as  soon  as  it  was  supposed  that  cbemkal  com- 
pouods  had  any  definite  properties.  Those  who 
first  attt^mpted  to  eatahli^^h  n^pilar  fonniilffl'  for 
the  constitution  nf  salts,  mtnc^rals,  and  other  rom- 
pounds,  aasumei  a^  the  basis  of  this  process,  that 
the  elements  in  different  specimens  bad  the  same 
proportion.  Wen7-eL  in  1777.  puhUsbnd  his  Lehre 
rem  der  Vermindsdifift  der  K'6rper*  or,  Dontrine 
rt/  the  AJUuifies  of  BodUs;  in  which  he  gave  manif 
good  and  accurate  anal,vses.  His  work,  it  is  said, 
Hfyrer  ^ew  into  genoral  notice.  Berthollet,  as  we 
have  already  stated,  maititaineJ  that  cliemical  com- 
pounds were  not  definite ;  but  this  controversy  took 
p]flce  at  a  later  period.  It  ended  in  the  estab- 
lishment of  thp  doctrini^  that  there  is,  for  each 
combin^ition,  onlv  one  proportion  of  the  elements, 
or  at  most  onlr  two  or  three. 

Not  only  did  Wenzel  by  his  very  attempt,  pre- 
sume the  Brst  law  of  chemical  composition,  the  defi- 
nitj'ne^  of  the  proi>ortions.  but  he  was  also  led,  by 
his  results,  to  the  second  rule,  that  they  are  reci- 
procal. For  he  found  that  when  two  neutral  salts 
decompose  each  other,  the  resulting  salts  are  also 
neutnU.  The  neutral  character  of  the  salts  shows 
thai  they  are  definite  compounds;  and  when  the 
two  elements  of  the  one  salt,  P  and  s,  are  pre- 
sented to  those  of  the  other,  B  and  n,  if  P  be  ia 
guch  <iuantity  as  to  combine  definitely  with  fL.  B 
will  also  comhine  definitely  with  .?. 

'  Thom^no,  fftrf.  C-hfm.  vrtl.  ii.  p-  27^- 
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Views  similar  to  those  of  Wenzel  wero  also  pub- 
lished hy  Jercmiali  DeiyamiTi  Rk*hter*  In  17JJ2,  iu 
his  An/t>7j{f^fjrii.nik'-  tier  Stochifomrfrit^  vtler  Afeg^ 
kunet  CftijmUr/ter  J^lemeiite^  {Prindpki  <»f  tk4 
Mertsurp  of  Cftenut^tl  EIfi7fu^nts:.)  io  which  he  took 
thu  law,  Just  stated,  of  rociprooal  |iro|iortious,  »s 
the  hast3  of  bis  researches,  and  tictemiiuod  the 
numerical  quantities  of  the  common  bases  and  acUU 
which  would  saturate  each  other.  It  is  clear  thau 
hy  thpse  stops,  llip  two  first  of  our  thret-  rules  maj 
bf  considiTi'd  as  fullj  developed.  The  change  of] 
geueral  views  which  was  at  this  time  going  on, 
probably  ptvvenled  chemists  from  feeling  so  much 
interest  as  they  mi^dit  have  tioue  otherwise,  iu  the^e 
details;  the  Freuf^b  and  Ku^lish  chcmit^ts,  in  |»;Lrti- 
cidar,  were  fidly  employed  with  their  own  researches 
and  controversies. 

Tlius  the  rules  which  had  alre-ady  been  pub- 
lished bj  Wenwl  and  Bichter  had  attracted  so  little 
notice,  that  we  can  hardl)  eonafdcr  Mr.  Dalton  afi 
having  been  anticipated  by  those  writers,  when,  in 
1B03,  he  began  to  commuuieaie  his  views  on  the 
chemical  constitution  of  bodies;  these  views  being 
sijch  as  to  iuelude  both  these  two  rule-s  in  their 
most  general  form,  and  fiirlhcr,  the  rule,  at  that 
dnie  still  more  new  to  chemists,  of  multijtl^f  pnH' 
portJnns.  He  conceived  bodies  as  compiiised  ofj 
alon»8  of  their  constituent  elements.  grou[n"d,  either 
one  and  one,  or  oue  and  two,  i)r  one  and  throe,  and 


THEOBV  OF  DEFrN[Ti:  PROPORTiOm.        165 


KP  on.  Thus,  if  C  repretiont  an  atam  of  caj'boD  and 
O  one  of  (JxjgeiL  OC  will  l>c  an  atom  of  carbcfnic 
onitfe,  and  OCO  an  atom  of  Mrbonic  add;  and 
hon<T  it  follows,  that  while  both  tliest-  boditts  have 
a  d*^fiiiit<?  ijuujitity  of  oxygen  to  a  given  i|uantity 
of  oirbon,  in  the  lalt^.'r  substance  this  (juantity 
is  double  of  what  it  is  in  the  former. 

The  consideration  of  bodies  as  consisting  f>f 
compound  atoms,  each  of  thew  being  composed  of 
elcmontary  atoms,  naturally  led  to  this  law  of  mul- 
li|>|p  proportions.  In  this  mode  of  viewing  bodies* 
Mr  Dalton  had  been  preceded  (nnknowii  to  himself) 
by  Mr.  Iliggins,  who,  in  \'SQ,  published'  his  Ct/^n- 
paruttte  Vieit^  uffht'.  Phfoiihtif  and  Antiphlofjistic 
Thfories^  He  there  says',  ''That  in  I'olalile  vitriolic 
BciA  a  single  ultimate  particle  of  sulphur  is  united 
only  to  a  single  partirle  of  dephlogistieated  air ;  and 
that  in  perftict  vitrioliti  acid,  every  single  particle  <»f 
sulphur  is  united  to  two  of  dephlogisticated  aif. 
Wing  the  quantitv  nece^isary  to  saturation;''  and  he 
rcaeons  in  the  same  manner  concerning  the  eon- 
filUutitTU  of  water,  and  the  coinjxmiids  of  nitrogen 
and  oAVgen.  These  observations  of  Higgius  were, 
lowcver,  made  casually,  and  not  followed  out,  and 
iiiot  afteot  Dalton's  claim  to  original  merit. 
Mf.  D«Uon%  generalization  was  iirst  suggested* 
diinng  his  e7(amination  of  oietiant  gas  and  car- 
Kuretli^l  hydrogen  gas:  and  was  asserted  generally, 

■  TnmiT^  Chtm.  f.  217'  '  P,  36  uiil  37^ 
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on  the  streTig:tli  of  a  few  fiirts,  being,  as  it  were, 
irresistibly  recommended  by  the  clearness  and  sim- 
plicity whicb  the  notion  possessed.  Mr,  Dalton 
lilniself  represented  the  compound  atoms  6f  ix>dies 
by  symbols  which  professed  to  exhibit  the  amiuge- 
ment  of  tiie  elementary  atoms  in  space  as  well  as< 
their  numerical  proportion;  and  he  attached  e;reat 
importance  to  this  part  of  his  scheme.  It  is  clear, 
however,  that  this  part  of  his  doctrine  is  nut  essen- 
tial to  that  numerical  comparison  of  the  law  with 
facts,  on  which  its  eBtablishment  rests.  These  hjpo* 
thctical  configurations  of  atoms  have  no  value  till 
th<\¥  arc  confirmed  by  corresponding  facts,  such  as 
the  optical  or  crystalline  properties  of  bodies  may 
perhaps  one  day  furuifib. 

Sect,  2. — Heception  and  Cmjirmation  <^th4 
Atomic  Theory. 

In  order  to  give  a  sketch  of  the  progress  of  the 
Atomic  Tlieory  into  general  recejition,  ^ve  cannot 
do  better  than  borrow  our  information  raainlv  from 
Dr.  Thomson,  who  was  one  of  the  earliest  converts 
and  most  effective  promulgators  of  the  doctrine. 
Mr  Dalton,  at  the  time  when  he  coneoivcd  his 
theory,  was  a  teacher  of  mathematics  at  Manchester, 
in  circumstancrs  which  might  have  been  considered 
narrow,  if  be  himself  had  been  less  simple  in  his 
manner  of  life,  and  less  moderate  in  his  worldly 
views.  His  experiments  were  generally  made  with 
apparatus  of  which  the  simplicity  and  cheapness 


I 


THCORV  OF  DKFINITt:  PBOrUBTlONS,        1^7 


corresponded  to  the  rest  of  liiy  habits.     Id  1804,  h^ 
was  already  'm  possession  of  his  atomic  theoiy,  and 
plained  it  to  Dr.  Thomson,  who  vii^ited  bim  at 
that  time.     It  was  made  known  to  the  chemical 
world  in  Dr  Thomson's  Cfumidrt/,  in  1807;  and  in 
^J)alton^s  own  Si/»item  o/Chenmtrif  (1808)  the  lead- 
^Btkg    ideas    of   it    were   very  briefly    stated,      Dr, 
^^FoJlaston  s  memoir,   "  on    superacid   and   subacid 
salts,"  which  appeared  in  the  Philosophicai  Trans- 
actions for  1808,  did  much  to  secure  this  theorjr 
a  place  in  the  estiinatioa  of  chemUts.     Here  the 
author  states,  that  he  hfui  observed,  in  variaua  KaJts. 
the  quantities  of  acid  combined  with  the  base  in  the 
iieutral  and  in  the  superacid  salts  to  be  as  one  to 
0;  and  he  says  that,  thinking  it  likely  this  law 
might  obtain  generally  in  such  compounds,  it  was 
is  design  to  have  pursued  the  subject,  with  the 
pe  of  discovering  the  cause  to  which  so  regular 
a  TPlation  may  be  afwribed.     But  he  adds,  that  this 
appeal's  to  he  supf-rfluous  aft^'r  the  publication  of 
Daltons  theory  by  Dr-  Thomson,  since  all  such  facts 
but  special  cases  of  the  general  law.     We  can- 
not but  remark  here,  that  the  scrupidous  timidity  of 
Woliaston  was  probably  the  only  impediment  to  his 
ticipating  Dalton  in  the  publication  of  the  rule  of 
ultiple  proportions;  and  the  forwardness  to  ^euc- 
nJIze,  which  belongs  to  the  charact<?r  of  the  latter, 
y  secured  him,  in  this  instance,  the  name  of  th? 
verer  of  this  law.     The  rest  of  the  English 
Phcmist*  snon  followed  Woliaston  and   Thomson, 
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though  Davy  for  some  time  reasled.  They  chjectoit 
indeiiJ,  to  Dulton's  a,KtJumption  of  atouit;  and,  to 
avoid  this  hypothetical  step,  WoUaston  used  the 
phrase  d/emical  equivalents,  and  Davy  the  word 
pro^H>rtwnii,  for  the  numbers  which  expressed  Dal- 
ton's  atomic  weights.  We  may,  however^  venture 
to  say  that  the  term  "  atom  "  is  the  most  oonvoiii- 
eut,  and  it  need  not  bo  understood  as  daiming  our 
assent  to  the  hypothesis  of  indivisible  molecuJes. 

As  WoUastou  and  D^tuu  were  thus  arriving 
independoDtly  at  the  same  result  iu  Kuglfunl,  othor 
chemists,  in  other  couolries,  were,  unknown  to  each 
other,  travelliug  towards  the  same  point. 

In  1807.  Ber^eJius^  intending  to  publish  a  sys- 
tem of  chemist ry»  went  through  several  works  little 
read,  ajid  among  others  the  treatises  of  Uiehler. 
He  was  astonished,  he  toils  us,  at  the  li^Ut  which 
was  there  thro^^n  upon  composition  and  Jocom- 
posltion,  and  whiHi  had  never  been  turned  to  profit. 
He  was  led  to  a  long  train  t»f  cxi>crimeiital  research, 
and,  when  he  received  information  of  Dalton's  ideas 
concerning  multiple  proportions,  he  found,  ia  bis 
own  collection  of  analyses,  a  full  eoufirmation  of 
this  theory. 

Some  of  the  Germans,  indeed,  appear  discon- 
tented with  the  partition  of  reputation  v\liich  has 
taken  place  with  respect  to  the  Th^'ory  of  DL-finite 
ProportioiJK.  One"  of  them  says,  "Dalton  has  onl^ 
done  this; — he   has  wTapt   up   the  good  Uiehler 

•  Utra.  Chem.  R  iii.  p.  S?.        '  Matu,  Oesth.  Htr  Cr^si.  p.  202- 
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(whom  he  knew;  compare  Schweig-gcr,  T,.  older 
series,  vol.  x.,  p,  381  ;)  in  a  ragged  suit,  patched 
tojjether  of  atoms;  and  dow  poor  Itichter  comes 
liitck  to  tkih  o;\u  cuuntry  in  ^ucb  a  g^h,  lil^e  UIj'unos, 
ATid  is  not  retogni/ed."  It  is  to  be  rec<]lleete<i, 
however,  that  Richler  says  nothing  of  multiple 
proportions. 

The  genera!  doctrine  of  the  atdm^c  theory  is 
now  firmly  CsHtablished  over  the  wbole  of  the  che- 
mleal  world,  Tliere  remain  still  several  contro- 
verted points,  as,  for  iustince,  whether  the  atomic 
weights  of  atl  elements  are  exact  mitltiples  of  the 
atomic  weight  of  hydrogen.  Dr.  Prout  advanced 
Mveral  instances  in  which  this  appeared  to  be  tme» 
and  Dr.  Thomson  has  a&^erted  the  law  to  be  of 
universal  application.  Hut,  on  tln'  other  hand»  Her- 
iselins  and  Dr.  Turner  declarf-  that  this  hypothesis 
U  at  variance  with  the  results  of  the  best  analyses^ 
Such  controverted  points  do  not  beloiig  to  our  his- 
tory, which  treats  only  of  the  progress  of  scientific 
truths  already  recognized  by  all  competent  judges. 

Though  Dalton's  discovei^  was  soon  generally 
employed,  and  universally  spoken  of  with  admira- 
tion, it  did  not  bring  to  him  ^lytliiag  but  barren 
praise,  HJid  he  continued  in  the  humble  employment 
of  which  we  have  spoken,  when  his  fame  had  filled 
Europe,  and  his  name  become  a  household  word  In 
the  kboratory.  After  sonic  years  he  was  appointed 
a  corresponding  member  of  the  Institute  of  France; 
which  may  be  considered  as  a  European  recognition 
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of  the  importance  cif  what  hy  had  done;  and,  in 
1820,  twij  medals  fur  the  encouragemcat  of  scieuce 
havlji^'  Ih^'cii  placL'd  at  Ihe  dtspcsal  of  the  Royal 
Society  by  the  king  of  Eiiglatid,  one  of  thom  was 
assigned  to  Dalton,  "for  his  developement  of  the 
atomic  theory,"  In  1833,  at  the  meeting  of  the 
BritLsh  Associaticm  for  th<'  Advancement  of  Science, 
which  was  ht^ld  in  Cambridge,  it  was  aEmouriced  tfiat 
the  king  had  bestowed  upoti  him  a  pension  of  150?.; 
at  the  preceding  meeting  at  Oxford,  that  imiTorBity 
had  conferred  upon  him  the  degree  of  Doctor  of 
Laws,  a  step  the  more  remarkable,  since  he  be- 
longed tf>  the  Beet  of  Quakers.  At  all  the  meetings 
of  the  British  Association  he  has  been  present,  and 
has  ahvajfi  bcon  summnded  by  the  reverence  and 
admiration  of  all  who  feel  any  sympathy  with  the 
progress  of  science.  May  he  long  remain  among 
us  thus  to  remind  us  of  the  vast  adrauce  which 
Cfaemistry  owes  to  him !  (n). 


5«rf.  3. — T/te  Theoiy  <tf'  Volumes. — Gay-Lussac. 

TaE  atomic  theory,  at  the  very  epoch  of  its  intro- 
duction into  France,  received  a  modiiicadon  in 
virtue  of  a  curious  discovery  then  made.  Soon 
aiUtr  the  publication  of  Dalt^n'g  system,  Gay-Lussac 
and  Humboldt  found  a  rule  for  the  combination  of 
substances,  which  includes  that  of  Dalton  as  far  as 
it  goes,  but  extends  to  combinations  of  fjases  imly. 
This  law  is  the  Iheoi^i  of  vofumi-s  i  namely,  that 
gases  unite  together  btf  volume  in  very  simple  and 
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definite  proportions.  Thus  water  is  composed  ex- 
actl^v  of  100  measuri^fi  of  oxvg*fii  and  200  meafiuroa 
of  b  vdro^"i^n.  And  ^-inte  theae  simple  ratios  1  and  1, 
1  and  2,  1  and  3«  alone  jjreviiil  in  such  combinntions, 
it  may  easily  be  shown  that  laws  like  Ualtoa's  law 
of  multiple  proportions,  must  obtain  in  such  cases 
&s  he  considered  (i). 

1  cannot  now  attempt  tu  fmce  othpr  bparings 
and  developements  of  this  remarkable  discovery.  I 
faa.stf;u  on  to  tbe  last  general tzatioD  of  chemistry; 
which  presents  to  us  chemical  forces  under  a  new 
aspect,  and  brings  us  back  to  the  point  frrtm  which 
we  departed  in  commencing  the  history  of  this 
Bcience. 
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Epoch  of  Davy  and  Far  ad  ay. 


AW.  \^—Promv^ja(ioii  <^  the  Elect ro-cfu'mietil 
T/ietifp  h^  Davy. 

rilJlE  reader  will  recollect  that  the  History  oX 
I  Cfu^mistry,  though  hi/^hlj  important  aad  m- 
hdiruetne  iit  itKclf,  has  bt^en  aa  niterrcptioD  (p.  1  \'l) 
of  the  History  of  Electro-dynamic  Research : — a 
necessary  interruption,  however;  for  till  we  became 
acquainted  with  cheraistry  In  general,  ue  could  not 
follow  the  fants  of  clectHf-ciiomiatry :  we  could  uot 
estimate  its  vast  yet  philosophical  theories,  nor  even 
express  its  simplest  facts.  We  have  now  to  endea- 
vour t*  show  what  has  thus  hecii  done,  and  by  what 
steps ; — to  give  a  fitting  view  of  the  Epoch  of  Davy 
and  Faiaday. 

This  is,  doubtless,  a  task  of  difficulty  and  deli- 
uacy.  We  cannot  execute  it  at  all.  except  we  sup- 
post*  that  the  great  truths,  of  which  the  disc<»veiy 
marks  this  epoch,  have  already  assumed  their  defi- 
nite and  permanent  form.  For  we  do  not  learn  the 
just  value  and  right  plaee  of  imperfect  attempts  and 
partial  advances  in  science.  e\copt  by  seeing  to  what 
they  lead.     We  judge  properly  of  our  trials  and 
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guesses  ou\y  wlieii  wo  havr?  gained  our  point  and 
g^iessed  ri^htlj\  We  might  persouiij-  philosopliical 
theories,  and  miglit  represent  them  to  uurwlvcs  as 
il^ires^  all  prfssing  ca^^rly  onwards  in  the  same 
direction,  whom  we  have  to  pursue:  and  it  is  onlj' 
in  proportion  as  we  ourselves  overtake  those  figures 
in  tlie  rate,  and  pass  beyond  them,  that  wo  ar<? 
enabled  to  look  hack  upon  their  faces;  to  diseem 
their  real  aspects,  and  to  catch  the  true  character 
of  their  countenances.  Ejicept.  therefore,  I  were  of 
opinion  that  the  great  truths  which  Davy  hrougbt 
into  sight  have  hctm  tinuly  cstiililishcd  ami  clearly 
developed  by  Faraday.  1  c<*uld  not  preten<l  to  give 
the  history  of  this  striking  portion  of  science^  But 
I  truMt,  by  the  view  I  have  to  oBer  of  these  beau- 
tiful trains  of  roscarrh  and  thuir  n^sult.  to  justify 
the  assumption  ou  which  1  thus  pr(j<:ecd. 

1  must,  however,  state,  as  a  fiirther  appeal  to 
the  readers  indulgence,  that,  even  if  the  great  prin- 
ciples uf  LOectro-chemiBtiy  have  now  been  brought 
out  in  their  due  form  and  extent,  the  discovery  is 
but  a  very  few  years,  I  might  rather  say  a  few 
muntlis  old;  and  that  this  novelty  adds  materially 
to  the  dit^culty  of  estimating  prc-^dous  attempts 
from  the  puint  of  view  to  which  we  are  thus  led. 
it  is  only  slowly  and  by  degrees  that  the  mind 
liecomes  sufficiently  imbued  with  those  new  truths. 
of  which  the  office  is*  tii  change  the  face  of  a 
scieTJce.  We  have  tii  consider  i'aniiliar  appearances 
Tinder  a  new  aspect ;  to  refer  <dd  facts  to  new  prin- 
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cjples;  and  it  is  not  till  ailer  some  time,  that  the 
stn^ggle  and  hesitation  which  this  employment  oc- 
casions, subsides  into  a  tranquil  equilibrium.  In 
the  Eewly-acquired  provinces  of  man's  intellectual 
empire,  the  din  and  conlusion  of  conquest,  pass 
gradually  only  into  quiet  and  security.  We  have 
seen,  in  the  history  of  all  capital  discoveries,  how 
hardly  they  have  made  their  way,  even  among  the 
most  intelligent  and  candid  philosophera  of  the 
antecedent  schools:  we  must^  therefore,  not  expect 
that  the  metamorphosis  of  the  theoretical  views  of 
chemistry  which  Is  now  going  on,  will  be  effected 
without  some  trouble  and  delay. 

I  shall  endeavour  to  diminish  the  ditficulties  of 
my  uTidiTtaking.  by  presenting  the  earlier  investi- 
gations in  the  department  of  which  I  have  now  to 
speak,  as  much  as  possible  according  to  the  most 
deliberate  view  taken  of  them  by  the  great  disco- 
vcrors  themselves.  Davy  and  Faraday;  wince  these 
philosophers  are  they  who  have  taught  us  the  true 
import  of  such  investigations. 

There  is  a  further  ditficuUy  in  my  task,  to  which 
I  might  refer;— the  difficulty  of  spuuking^  without 
errour  and  without  offence,  of  men  now  alive,  or 
who  were  lately  members  of  social  circles  which 
exist  still  around  us.  But  the  »^cieutific  hl^^tory  in 
which  such  persons  play  a  part,  \s  so  important 
to  TDy  porjKise,  that  I  do  not  hesitate  to  incur  the 
responsibility  which  the  narration  involves;  and  1 
have  endeavoured,  earnestly,  and  I  hope  not  in  vain, 
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to  ^(HNik  as  if  I  wur^i  rpiuoved  by  centuries  lr<>jn  the 
personages  of  Jtiy  story. 

The  pbenomcna  observed  in  the  Voltaic  appara- 
tus were  naluraily  the  subject  of  many  speculations 
as  to  their  causi?.  aud  thus  gave  rist^  to  "  Theories  of 
the  Pile."  Among  these  phenomena  there  was  one 
class  which  led  to  most  important  results:  it  was 
dLscovered  by  Nichoisao  and  Carlisle,  in  1800.  that 
v&ter  was  decomposed  by  the  pile  of  Volta;  that  is, 
it  was  found  that  when  the  wires  of  the  pile  were 
placed  with  their  ends  near  eacli  other  in  the  fluid, 
a  stream  of  bubbles  of  air  arosi^  from  each  wire,  and 
tiieae  airs  were  touud  on  t'xaToination  to  be  oxygen 
and  hydrog:en;  which,  as  we  have  had  to  narrate, 
had  already  been  found  to  be  the  constituents  of 
water.  This  was,  as  Davy  says',  the  true  origin  of 
all  tliat  has  been  done  In  eleetro-ebemical  seienee. 
ft  was  found  that  other  substances  also  sutfered  a 
like  decomposition  under  the  same  circmnstances. 
Certain  metallic  s(.>l«tions  were  deoomposeil,  and 
an  alkali  was  separated  on  the  negative  plates  of 
the  apparatus.  Cruickshank,  in  pursuing  these 
experiments,  added  to  them  many  Important  new 
results;  surh  ais  the  demni|msitjun  of  muriates  of 
magnesia,  f^da.  and  ammonia  by  the  pile;  and  the 
general  observation  that  the  alkaline  matter  always 
ap|>earcd  at  the  nefftiiltfi,  and  the  acid  at  the  post- 
tir*:  pole. 

Such  was  the  state  of  the  subject  when  one  who 
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was  <lestiaeU  to  do  so  much  for  its  advance,  first 
contributed  hh  labours  to  it.  Humpljry  Davy  w;is  a 
young  man  who  hod  been  apprenticed  to  a  sur^on 
at  Penzance,  and  having  sliowo  an  ardent  love  and 
a  strong  aptitude  for  chemical  research^  was,  m 
17/)S,  made  the  fiupcrintt^ndent  of  a  *' Pneumatic 
Institution,"  established  at  Bristol  hy  Dr.  Deddoes, 
for  the  purpose  of  discovermg  medical  powers  of 
factitioas  airs'.  But  his  main  attention  was  soon 
drawn  to  gaJvanisin;  aiid  when»  in  consttqnence  of 
the  reputation  he  had  ncciuircd,  he  was,  Id  ISOl, 
appointed  lecturer  at  the  Royal  Institution  in  Lon- 
don, (tbeu  recently  ej^tablL^ibed,)  he  was  soon  put  in 
posse'swion  of  a  galvanic  apjiaratus  of  great  power; 
and  with  this  he  was  nut  long  in  obtaining  the  most 
striking  results. 

His  first  paper  on  the  subject^  is  sent  from  Bris- 
tol, in  September  1800 ;  and  describes  espeiimeute. 
in  wliit^li  he  had  found  that  the  decompositions 
observed  by  Nicholson  and  Carlisle  go  on,  although 
the  water,  or  other  substance  in  which  the  two 
wires  are  plunged,  be  separated  into  two  portions 
provided  these  jiortions  are  connected  by  muscular 
or  other  fibres.  This  use  of  muscular  fibres  waa. 
probably,  a  remnant  of  the  original  disposition,  or 
accident,  by  which  galvanism  had  been  connected 
with  physiojngy,  an  much  as  with  chemistry,  Davy, 
however,  fioon  went  on  towards  the  conclusion,  ihat 

'  Pftrifc.  Life  pfDat^,  I  AB. 

■  NicholBfin's  JomiHii^  4co.  iv,  27-^. 


EPOCH  OF  DAW  AND  FARADAY. 


177 


the  pbeoomena  were  altogether  chemical  in  their 
Mature,  lie  had  already  conjectured',  in  1802,  that 
all  «lecoiin>o3itions  mi^ht  he  -jfolfir;  that  ^  that  in 
all  cases  of  cbcmicrU  decompoaition,  the  elements 
might  be  related  to  each  other  as  electrically  ;?f?ai- 
Hte  and  negattte;  a  thought  which  it  was  the 
peculiar  glory  of  his  school  to  confirm  and  place  in 
a  distinct  light.  At  this  period  such  a  view  was  JUr 
from  ohvious;  and  it  was  contended  by  many,  on 
the  contrary,  that  the  elements  which  tbe  voltaic^ 
lipparatus  brought  to  view,  were  not  liberated  from 
combinations,  but  generated.  In  1806,  Davy  at- 
tempted the  solution  of  this  question;  he  showed 
tthat  the  ingredients  which  had  been  supposed  to  be 
produced  by  electricity,  were  du*?  t<i  impurities  in 
the  water,  or  to  the  decomposition  of  the  vessels; 
uid  thua  removed  all  preliminary  difficulties.  And 
then,  as  he  says',  "referring  to  my  experiments  of 
iSOO,  1801,  and  1S02,  and  to  a  number  of  new 
&ct5,  which  showed  that  inflammahlc  substances 
and  oxygen,  alkalies  and  acids,  and  cxidable  and 
noble  metals,  were  in  electrical  relations  of  positive 
tnd  negative,  I  drew  the  conclusion,  that  the  nrm- 
Uruftioits  ami  demmp<mtiowi  hf  eUctricitp  irere 
rf/errif'I^  to  the  lam  of  dectrical  attrcictmis  and 
rtpuitn4mi^r  ^iid  advanced  the  hypothesis,  "thnt 
chi'inir'iil  nvil  A&ciru'nl  ati/'actfotnf  ivere  proffiirttl 
i^/  this  sa7M'  came,  urMng  in  tlw  <me  ease  on  paiii- 

'  Phil.  Trant.  Iflffli  '  lb.  1636,  p.  3H9- 

VOL.  Ill,  N 
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cl&Ff  in  the  Qtiier  on  musMS ; .. .  and  that  the  sai 

proper/^,  under  different  9/1/Hli/icstimiS,  wan  the 
cause  0/  alt  the  phenoTiiena  eakibit^d  b^  different 
tdtaic  omMnatiom.^' 

Altbougli  this  \^  thE^  enuDctatioD,  in  tolerably 
precise  terms,  of  the  great  discovery  of  this  epoch, 
it  was,  at  the  period  of  whicli  we  speak,  conjectured 
rather  than  proved ;  and  we  shall  find  that  neither 
Dav^  nor  hi&  followers,  for  a  considerable  period^ 
apprehended  it  with  that  distinctness  which  makes 
a  discovery  complete.  But  in  a  very  short  time 
afterwards,  Davy  drew  great  additional  notice  to 
hiB  researches  hy  effecting',  in  pursuance,  as  it  Ap- 
peared, of  his  theoretical  views,  the  decomposition 
of  potassa  into  a  metaliic  base  and  oxygen.  This 
was,  as  he  truly  said,  in  tho  memorandum  writt-;p 

'  in  his  journal  at  the  instant,  *'a  capital  experimeot," 
This  discovery  was  soon  followed  by  that  of  the 
decomposition  of  Boda ;  and  shortly  after,  of  other 
bodies  of  the  same  kind ;  and  the  interest  and 
activity  of  the  whole  chemical  world  were  turned 
to  tho  subject  in  an  intense  degree. 

At  this  period,  there  might  be  noticed  three 
great  branches  of  speculation  on  this  subject;  the 
ifwar^  qf  thepik't  t/te  titeorif  of  electrical  dewmjHh 
miion^  and  the  thcGry  0/  lite  identify  of  diemicai 
und  €kQtriml  fm-ces :  which  last  doctrine,  however, 
wa8  found  to  include  the  other  two,  as  might  liave 
been  aaticipatod  from  the  time  of  its  first  suggestion. 
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It  win  not  be  necessaTy  to  say  much  on  the 
tiieories  of  the  voltaic  pile,  as  separate  from  other 
larts   of  the    subject.     The  r.otitact't/if'ori/,  i^hich 

"ibed  the  action  to  the  coutact  of  difFerent  niotals. 
wa£  maintained  by  YoUa  himself;  but  graxlually 
disappeared,  as  it  was  proved  (by  Wollastoa"  espe- 
ci&Uj,)  that  the  effect  of  the  pile  was  insoparablj 
ctmnt^eleJ  ""ilh  oxidation  or  other  chemical  chan^os. 
The  theories  of  clectro-ehcmical  decomposition  were 
numerous,  and  especially  after  the  promulgation  of 
Dary's  Menwir  in  1806;  and,  whatever  might  be 
the  defects  undtT  whit-h  thc^c  sjteculatioas  fot  a  long 
time  laboured,  the  subject  was  powerfully  urged  on 
in  the  dbcction  in  which  truth  lay,  by  Davj-'s  dis- 
coveries and  views.  That  there  reniiiined  some- 
thing still  to  he  done,  in  order  to  give  fnll  evidence 
and  consistency  to  the  theory,  appears  from  this; — 
that  some  of  the  most  important  parts  of  Davy's 
results  struck  his  followers  as  extraordinary  para- 
doxes;— for  instance,  the  fact  that  the  decomposed 
elements  are  transferred  from  one  part  of  the  cir- 
cuit to  another,  in  a  form  whieh  escapes  the  cogni- 
Kuwe  of  oup  seijsi^,  through  intervening  suhstancea 
for  which  they  have  a  strong  affinity.  It  was  found 
aftciTwards  that  the  circumstance  which  appeared 
to  make  the  process  so  wonderful,  wns,  iu  fact,  the 
condition  of  its  proin^  on  at  all.  Davy's  expres- 
sions often  seem  to  indicate  the  most  exact  notions: 
lor  instance,  he  saye,  ''It  is  very  natural  to  supposa 

•  Pkif.  Tranx.  JtlOl,  p. 427. 
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that  the  repeUent  and  attractive  energies  are  corn- 
muricated  from  one  particle  to  auother  of  tlie  same 
kind,  ^o  as  to  establish  a  conducting  rhain  in  the 
Huid;  and  that  the  locomotion  take^  places  in  con- 
BeqTience'5"  and  yet  at  other  times  he  speaks  of  the 
elements  as  attracted  and  repelfsd  by  the  metallic 
surfaces  which  fomi  the  poles: — a  different,  ajjd, 
as  it  appeared  afterwards,  an  urtpnable  view,  Mr- 
Faraday,  who  supplied  what  viaa  wanting,  justly 
notices  this  vagueness,  lie  says",  that  thoug:h,  in 
Davy*s  celebrated  Memoir  of  180(>,  the  points  esta- 
blished are  of  the  utmost  value,  **tlie  mode  of 
action  by  which  tbe  etfects  take  place  h  staled  very 
generally;  so  generally,  indeed,  that  probably  a 
dozen  precise  schemes  of  electro-chemical  action 
miglit  be  drawn  up,  differing  essentially  from  each 
other,  yet  all  agreeing  with  the  statement  there 
given."  And  at  a  period  a  little  later,  being  re- 
[}roaclied  by  Davys  brother  with  injustice  m  this 
e?cprc3sion.  he  substantiated  his  assertion  by  an 
enumeratioTi  cf  twelve  such  schemes  which  had  beeu 
published. 

But  yet  we  cannot  Inok  upon  this  Memoir  of 
1803,  otherwise  than  as  a  great  event,  perhaps  the 
most  important  event  of  the  epoch  now  under 
review.  And  as  such  it  was  recc^ized  at  once  all 
over  Europe.  In  particular,  it  receivrd  the  distin-- 
guished  honour  of  being  crowneil  by  the  Institute 
of  France,  although  that  country  and  England  were 
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len  en^fnged  in  fiprre  liostility.     Eiionnpartp  had 
iroposed  a  prize  of  sixty  thousand  francs  "to  the 
m   who   hj   hia   experiments  and   discoveries 
iDuld  advance  the  knowledge  of  electricity  and 
galvanism,  as  much  as  Franklin  and  Volta  did;'' 
and  "of  three  thousand  francs  for  the  best  experi- 
ment which  should  be  made  in  the  course  of  each 
?ar  on  the  ^[alvanic  tLuid;"  the  latter  prize  was, 
the  First  Class  of  the   Institute,  awarded  to 
»avj\ 
From  this  period  he  rose  rapidly  to  honours  and 
[ions,  and  reached  a  height  of  scieritilic  fame 
Efreat  as  has  ever  fallen  to  the  lot  of  a  dis- 
jvercr  iu  so  short  a  tiiOL*.     I  shall  nrit,  however, 
,dweU  on  such  circumstances,  but  contine  myself  to 
le  progress  of  my  suhjecL 

Sect.  2. — Eat'fU'n^hvient  of  ihc  Elcctrty-i-hftiiical 
Thi'orti  by  Farad^ty. 

defects  of  JJavy^H  theoretical  views  will  be  seen 
most  clearly  by  explaining  what  Faraday  added  to 
them.  Michael  Faniday  was  in  every  way  fitted 
and  led  to  become  Davy's  successor  in  hrs  great 
career  of  discovery.  In  1812,  being  then  a  book- 
seller's apprentice,  he  attended  the  lectures  of  Davy, 
wliieb  at  that  period  excited  the  highest  adniira^ 
tiori*,  "My  desire  to  escape  from  trade,"  Mr.  Fa- 
raday says,  "which  I  thought  vicious  and  selfish. 
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and  to  eiit<?r  into  the  service  of  science,  which  1 
imagined  made  its  pm^ucrs  amialilc  and  liberal, 
Siuiuced  me  at  last  to  take  thu  UnM  and  simple  step 
of  ■ftTilin^  to  Sir  H.  Da\'y."  He  was  favourably 
received,  and»  in  the  next  ycar^  became  Davy's 
assistant  at  the  Institution;  and  after^'ards  his 
successor.  The  iD&titutlon  which  produced  such 
researches  as  those  of  these  two  men,  may  wtfU  be 
considered  as  a  great  school  of  exact  and  phiJosci- 
phical  chemistry,  Mr.  Faraday,  from  the  beginning 
of  hi3  course  of  inquiry,  appears  to  have  had  the 
eonsciousi»css  that  he  was  engaged  on  a  great  con- 
neoted  work,  Uis  Ej:perl'maital  licscirches,  «'hich 
appeared  in  a  series  of  Memoirs  in  the  Philosophical 
Tnmf^actitms.  are  divided  into  short  paragraphs, 
numbered  in  a  continued  order  froui  1  up  to  1160, 
ai  the  time  at  which  I  write";  and  destined,  pro- 
bably, to  exteud  much  further.  These  paragraphs 
are  connected  by  a  very  rigorous  method  of  investi- 
gation and  reasoning  which  runs  through  the  whole 
body  of  them.  Yet  tMs  unity  of  purpose  was  not  at 
first  obvious.  His  first  two  Memoirs  were  upon  sub- 
jects which  we  have  already  treated  of,  (B.  xiii  c  5 
and  c.  8f)  Voltaic  Induction,  and  the  evolution  of 
Electricity  from  Magnetism,  His  "Thh:^  Series"  hu 
also  been  already  referred  to.     Its  object  waf;  as  li 


"  DocomUr,  1835.  (At  prcamt,  wbcn  I  Eua  rcviflbg  ibc 
acconil  t'ditjon^  Sf^ptcmbcr  l^C,  Ilr.  Fnnulay  lias  recently  jjuIh 
liahcd  thf  "  Twenty-firBt  Sarics"  of  Li«  Researcha  euditig  with 
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preparatorv  step  towards  fmthor  inveBttgalioi:,  to 
show  the  iilentity  of  volt^c  and  animal  electricity 
with  that  of  the  olectricai  machioe;  and  as  machine 
electricity  differs  from  tfte  other  kiads  Jn  being  guc- 
cessiveiy  in  a  state  of  tension  and  explosion,  instead 
of  A  continued  current^  Mr.  Fnraday  succeeded  in 
identiijing  it  with  them,  by  causing  the  electrical 
discharge  to  pass  through  a  bad  conductor  into  a 
discharging-train  of  va^t  extent;  nothing  less,  indeed, 
than  the  whole  fabric  of  the  metallic  gas-pipea  and 
vatcr-pipes  of  London.  In  this  Memoir''  it  is  easy 
to  see  already  traces  of  the  general  theoretical 
TJeirs  at  which  he  had  arrived;  but  these  are  not 
espressly  stated  till  bis  *' Fifth  Series  T  his  inter- 
mediate Fourth  Series  being  occupied  by  another 
subsidiary  labour  on  the  conditions  of  conduction. 
At  length,  however,  in  the  Fijth  Series,  which  was 
read  to  the  Royal  Society  in  June  1833,  he  ap- 
prDa£h<'fj  the  theory  of  electro-i^hemical  decomposi- 
tion. Most  preceding  theorists,  anti  Davy  amongst 
the  number,  bad  referred  this  result  to  attractive 
pomer«  residing  in  the  poles  of  the  apparatus;  and 
had  even  pretended  to  compare  the  intensity  of  this 
attraction  at  difterent  distance's  from  the  poles.  By 
a  number  of  singularly  beautiful  and  skilfiil  expe- 
riments, lilr.  Farad^Ly  shows  that  the  plienomeiia 
can  ^vith  no  propriety  be  ascribed  to  the  attraction 
of  the  poles '\  '^As  the  substances  evolved  in  cases 
of  electro -chemical  decomposition  may  be  made  to 

'*  Phil.  Tram,  J833,  "  Rcsmrchts,  Art.  407- 
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appear  against  air",  which»  according  to  coininaii 
language,  is  not  a  conductor,  nor  is  decomposed; 
or  against  water'*,  which  is  a  conductor,  and  can 
be  deconLposed ;  as  well  as  ag^n^t  the  metal  pole^ 
which  are  oxcellcnt  conductors,  but  undccompos- 
able;  there  appears  bat  little  reason  to  consider 
this  pheDomenon  generally  as  due  to  tJie  attraction 
or  attractive  powers  of  the  latter,  when  li&od  in  the 
ordinary  way,  siuoe  similar  attractions  can  hardly 
be  imagined  in  the  former  instances." 

Faraday's  opinion,  and,  indeed,  the  only  way  of 
expressing  the  results  of  his  experiments,  was,  lliat 
the  chemical  elements,  in.  obedience  to  the  direction 
of  the  voltiuc  currents  established  in  the  decoui* 
posing  substance,  were  evolved,  or,  as  he  prefers 
to  say,  ejected  at  its  ext^emitios^^  He  after- 
wards states  that  tJie  influence  which  is  present 
in  the  electric  current  may  bo  described"  as  an 
ax^is  qf  2mtGi\  hanng  [at  each  point]  mntrnrff 
/Qrcii£  ejHicllif  equal  in  amount  in  ctyntt-arfi  direo- 
Hous, 

Having  arrived  at  this  point,  Faraday  rightly 
wished  to  reject  the  terra  /Wi-e,  and  other  words 
which  could  hardly  bo  used  without  suggesting  doc- 
trines now  proved  to  be  erroneous.  He  considered, 
in  the  case  of  bodies  electrically  decomposed,  or, 
as  he  termed  them,  electrolffk'^,  the  elements  as 
travelling  in  two  opposite  directions;  which,  with 
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reference  to  the  direction  of  torrL'strial  magnetism, 
ntight  be  considered  as  naturally  east  aud  west; 
and  he  conceived  elemeuta  as,  in  this  waj\  arriving 
at  the  doors  or  outlets  at  which  they  finally  made 
their  separate  appearance.  The  doors  he  called  eU'c- 
trodti*,  and,  separately,  the  ^27/0^^  and  the  cathode^'; 
and  the  elements  which  thus  travel  he  termed  the 
auloih  and  the  cation  {or  ctilfiiim^'^).  By  means  of 
this  nomenclature  he  was  able  to  express  his 
general  results  with  much  more  distinctness  and 
facility. 

But  this  genera!  view  of  tbe  electrolytica!  pro- 
cess required  to  be  pursued  further,  in  order  to 
explain  the  nature  of  the  action.  The  identity  of 
electrica]  and  chemical  forces,  which  had  been 
ha:«arded  as  a  conjecture  by  Davy,  iiud  adopted  as 
the  basis  of  chemistry  by  Berzelius.  coukl  only  be 
established  by  exact  measures  and  rigorous  proofs, 
Faraday  bad.  iu  his  proof  of  the  identity  of  voltaic 
and  electric  a^jency,  attempted  also  to  devise  svich  a 
Measure  as  should  gftve  him  a  comparison  of  their 
quantity;  and  in  this  way  he  proved  that"  two 
small  wires  of  platina  and  zine,  placed  near  each 
Other,  and  immersed  in  dilute  anid  for  tlircc  seconds, 
yield  as  much  electricity  as  the  electrical  battery, 

'^  Art.  063. 

"  Tlio  tamhgy  of  the  Giwt  derivalion  requirra  cation  /  but 
t<)  nuke  the  rebtipQ  to  cathode  obvioua  to  the  Engliah  rcadpTj 
3Ad  to  avoiil  a  viijUtiuD  tA  tbu  !j;ibita  of  English  prDnuiu^iAtion, 
I  !ihu»U)  (iTufur  caikiitn. 
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cliaTged  by  ten  turns  of  a  large  machine ;  and  thk 
was  established  both  hy  its  nioiiiuntiiry  electro- 
magnetic effect,  aud  hy  tlie  amount  of  its  cbemicft] 
action". 

It  was  in  his  *' Seventh  Series"  that  he  finally 
cfitablishcd  a  principle  of  definite  measurement  of 
the  ftmount  of  electro lytical  action,  and  described  an 
instrument  which  he  termed"  a  voita-elecirma-ff-er. 
In  this  instrument,  the  amount  of  action  was  iiiea- 
Bured  by  the  quantity  of  water  decomposed:  and  it 
was  necessary,  in  order  to  give  validity  to  the  men- 
suratJOHj  to  show  (as  Faraday  did  show)  that  neither 
the  size  of  the  electrodes,  nor  the  intensity  of  tho 
current,  nor  the  strength  of  the  acid  solution  which 
a^^ted  on  the  plates  of  the  pile,  disturbed  the  accu- 
racy of  this  measure.  He  proved,  by  e:£poriment3 
upon  a  great  variety  of  substances,  of  the  most 
different  kinds,  that  the  olectro-chcmieal  action  ib 
definite  in  amount  liceording  to  the  measurement 
of  the  new  instrument".  He  had  already,  at  an 
earlier  period"*,  asserted,  that  thi;  chemical  pty/ncr  of 
a  rrttrrtmt  qf  det:trkUif  is  in  direct  ■jfi'ojKrti.ion  to 
the  ahsol'tiie  fj'iuinJihf  (f  ektitn(:itp  'Which  pasaes;  but 
the  volta<;lcctromcter  enabled  hJm  to  fix  with  moro 
precision  the  meaning  of  this  general  proposition, 
as  well  as  to  place  it  beyond  doubt. 

The  vast  importance  of  this  step  in  chemistiy 
soon  came  into  view.    By  the  use  of  the  volta-elec- 


I 
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trometer,  Fn.raday  oblaiiiGd,  for  each  ciemeiitflTy 
aubstaiiec,  n  nunibcr  which  rt^prcsented  the  relative 
amount  of  its  decomposition,  and  which  might  pro- 
perly" be  called  its  "electro-chemical  equivalent." 
And  the  question  naturally  occurs,  whether  theso 
numhera  bore  any  relation  to  any  previously  esta- 
blished chemical  measures,  Tbe  answer  is  remark- 
able. T/teff  trere  no  other  than  the  atomic  weights 
tif  tJ/e  VuiUMmn  thearp^  which  formed  the  climax 
of  llie  previouji  aacent  of  chemiatry;  and  thus  here, 
as  everj'where  in  tlio  progress  of  science,  the  gene- 
ralizatioDS  of  one  generation  are  absorbed  in  the 
wider  generalisations  of  the  next. 

But  ill  ordi'r  to  r^aeh  securely  this  wider  gene- 
ralization, Faraday  combined  the  two  branches  of 
the  subject  which  we  havo  already  noticed; — ^the 
tht^>r2f  of  electrical  decom position  with  the  theorj/ 
</  /he  pite.  For  Ids  roscarclies  ou  the  origin  of 
activity  of  the  vohaic  circuit  (his  Eighth  Series),  led 
him  to  Bee  more  clearly  than  any  one  before  lum, 
irbat,  as  we  have  said,  the  most  sagacious  of  pre- 
c^ujg  philosophers  had  maintained,  that  the  cuT' 
rent  in  the  pile  was  due  to  the  mutual  chemical 
action  of  its  elements.  Ue  wa&  led  to  consider  tha 
processes  which  go  on  in  the  i?:rciimfj-a:U,  and  in 
the  decomposing  place,  as  of  the  same  kind,  but 
opposite  in  direction.  The  chemical  c&mjtosition  of 
the  fluid  witb  tbe  zinc^  in  the  common  apparatus, 
produces,  when  the  circuit  is  completed,  a  current 

'*  Art.  792' 


188 


iJlSTORY  OF  CHtlMiSTKV, 


of  electric  influence  iu  the  wire ;  and  tliis  curMi 
if  ]t  pass  llirou^rh  an  electrolyte,  manifests  itself 
b^  (Ifmmi/MtKJfdOfi^  overcoming  the  chemical  aftinity 
which  there  resists  it.  An  electrolyte  cannot  con- 
duct without  being-  dccoinposcd.  The  forces  at  the 
point  of  composition  and  the  point  of  decomposition 
are  of  the  same  kindj  and  are  opposed  to  each  other 
by  means  of  the  conducting-wirc ;  the  wire  may 
properly  be  sjioken  of'*  as  coiiductht/f  cheintcal 
affifiity,-  it  allows  two  forces  of  the  samo  kind  to 
oppose  one  another"*;  electricity  is  oaly  another 
made  of  the  exertion  of  chemical  forces";  and  we 
might  express  all  the  circumstances  of  the  voll^c 
pile  without  using  any  other  term  than  chemical 
affinity,  though  that  of  electricity  may  be  very  oou- 
vonient".  Bodies  arc  held  together  by  a  definite 
power,  which,  wheu  it  ceases  to  discharge  that 
office,  may  be  thrown  into  the  condition  of  an 
electric  cnrreot'^- 

Thus  the  great  principle  of  the  identity  of  elec- 
trical and  chemical  action  was  completely  esta^ 
bhshed-  It  was,  as  Faraday,  with  great  candour 
Bays*,  a  confirmation  of  thn  general  views  put  forth 
by  Davy,  in  IrtOtf,  and  might  be  oxprossed  in  his 
terms,  that  **chcmica]  ;tnd  electrical  attractions  are 
produced  by  the  same  cause ;"  but  it  is  easy  to  Bee 
that  neither  nas  the  full  import  of  these  expressions 
understood,  nor  wore  the  quantities  to  which  tUey 
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refer  ponceived  as  raeasiireable  quantities,  nor  was 
the  assertion  anjthinf^  but  a  sagacious  conjecture, 
till  Taritday  gave  thii  interpretation,  nipasiire,  and 
|>roo£  of  which  we  have  spoken.  The  evidence  of 
the  Incoioplctness  of  the  views  of  his  predecessor 
we  have  already  adduced,  in  speaking  of  his  vague 
and  iii(^>usLStent  theoretical  account  of  decomposi-- 
lion.  Tlie  coufirmation  of  Davy's  discoveries  by 
Faraday  is  of  the  nature  of  Newton's  confirmation 
of  the  views  of  Borelli  and  Hooke  respecting  gra- 
vity, or  like  Young's  confirmation  of  the  undolatory 
theory  of  Unyghens. 

We  must  not  omit  to  repeat  here  the  moral 
which  we  wish  to  draw  from  all  j^eat  discoveries, 
that  they  depend  upon  the  combination  of  rinaci 
/artg  with  eleai'  iilett^^  The  former  of  these  con" 
ditious  \s  easily  illustrated  in  the  case  of  Davy  and 
Faraday,  both  admirable  and  delicate  experinjcnters. 
Davys  rapidity  and  resource  in  experimenting  were 
extraordinary*',  and  extreme  elegance  and  ingenuity 
itistingulsh  almost  every  process  of  Faraday,  He 
hafi  published,  in  1 829,  a  work  on  CfunrKifMl  Afani' 
pjiZ/rtioriy  in  which  directions  are  given  for  perform- 
ing in  the  neatest  manner  aU  chemical  processes. 
Manipulation,  as  he  there  truly  says,  is  to  the 
rhemist  like  the  external  senses  to  thy  mind";  and 
without  the  supply  of  fit  materials  which  such 
fionses  only  can  give,  the  mind  can  accjuire  no  real 
knawledge.  t 
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Pr^fV 


l&O 


HISTORY  OF  CHEMISTRY. 


But  i^tiU  the  operations  of  the  nilnct  as  w^lT  a^ 
the  information  of  the  senses,  ideas  as  well  as  facts, 
are  requisite  for  the  attainment  of  any  knowledge ; 
and  all  great  steps  in  Bcience  require  a  peculiar 
distinctni.'SB  aTid  vividness  of  thought  in  the  diseo- 
verer.  This  it  is  diffieult  to  exemplify  in  any  better 
way  tbaii  by  the  discoveries  themselves.  Both  Davy 
and  Faraday  possessed  thi?^  ^ivldnesFi  of  mind ;  and 
it  was  n  consequence  of  this  endowment,  that  Davys 
lectures  upon  chemistrv,  and  Faraday  s  upon  almost 
any  subject  of  physical  philosophy,  were  of  the  most 
biilliant  and  captivating^  character.  In  discovering 
the  nature  of  voltaic  adion,  the  essential  intel- 
lectual requisite  was  to  have  a  distinct  eoneeptiou 
of  that  whicli  Faraday  expressed  by  the  remarkable 
phrase",  *V/w  fr-Tta  f^pomtT  hxim^fff  equal  and  ^tf^o- 
«ite  fcri^^Jt  i"  and  the  distinctness  of  tins  idea  m 
Faraday's  mind  shines  forth  in  every  part  of  his 
writings.  Thus  he  says,  the  Ibrce  which  det^rminea 
the  decomposition  of  a  body  is  in  the?  body,  not  in 
the  poles**.  But  for  the  most  part  he  can  of  course 
only  convey  this  fundamental  idea  by  illustrations, 
Thus^  he  represents  the  voltaic  circuit  by  a  double 
circle,  studded  with  the  elements  of  the  circuit,  and 
shows  how  the  anions  travel  round  it  in  one  diree- 
tion»  and  the  cathlons  in  the  opposite.  He  con- 
siders* the  powers  at  the  two  places  of  action  as 
balancing  against  each  other  Ihron^di  tlie  medium 
of  the  conductors,  in  a  manner  analogous  to  that  la 

■'Art,  517-  "  flfil.  ■«-  ■■  £*17' 
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vluf^h  mcebanlral  forces  are  Tmlanced  ngiLiiist  eaeh 
other  by  the  intervention  of  the  lever,  U  is  impos- 
sible to  limi"'  to  resist  the  idea,  that  the  Toltaic  cur- 
rent must  be  preceded  by  a  state  of  tension  in  its 
iatemipted  condition,  which  is  relieved  when  the 
circuit  is  completed.  He  appears  to  possess  the 
idea  of  this  kind  of  force  with  the  same  eminent 
difilinctoesH  with  which  Arcldmedes  in  the  ancient, 
and  Stevinus  m  the  modern  history  of  science,  pos- 
sessed the  idea  of  pressure,  ajid  were  thus  able  to 
ibund  the  £CLence  of  mechanics^.  And  when  he 
CfkJUiot  obtain  these  distinct  modes  of  conception, 
he  is  dissatisfied,  and  conscious  of  defect.  Tims  in 
the  relation  between  magTietism  and  electricity", 
"there  appeal^  to  he  a  link  in  the  chain  of  effects, 
a  wheel  in  the  phy.sical  mechanism  of  the  action,  ns 
yet  unrecognized,"  All  this  variety  of  expression 
■hows  how  deeply  seated  i8  the  thought.  This  con- 
ception of  chemical  affinity  as  a  peculiar  influence 
or  force,  whiuli,  acting  in  opposite  directions,  com- 
bines and  resolves  bodies ; — which  may  be  liberated 
aiid  thrown  into  the  form  of  a  voltaic  current,  and 
thus  be  transferred  to  remote  points,  and  applied  in 
vanous  ways; — is  essential  to  the  understanding,  as 
it  was  to  the  making,  of  these  discoveries. 

By  those  to  whom  this  conception  has  been  con- 
Teyed,  1  venture  to  trust  that  I  shall  be  held  to 
have  given  a  faithful  account  of  this  important  event 
in  the  history  of  science.     We  may,  before  we  quit 

"  Art^RTiO.  "990.  "  1114. 
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the  subject,  notice  one  or  two  of  the  remarkable 

jiubordinate  features  of  F&raday'a  discoveries. 


Sect,  3. — Consequences  qf  Famdap^s  Discoceri^. 

Faeaday's  volta-electTometer,  in  conjunction  with 
the  method  ho  had  already  timployed»  as  we  have 
seen,  for  the  comparison  of  voltaic  and  common 
electricjty,  enabled  him  to  measure  the  actual  quan- 
tity of  electricity  which  is  exhibited,  in  given  cases, 
in  the  form  of  chemical  afRnity.  His  results  ap- 
peared in  ninnhers  of  that  enormous  amount  which 
so  often  comes  before  us  in  the  expression  of  natural 
laws.  One  grain  of  water*'  ivill  require  for  its  de- 
composition as  much  electricity  as  would  make  a 
powerful  Hash  of  lightuiiig.  By  further  calculatioOi 
he  tiiids  this  quantity  to  be  not  less  than  800,000 
charges  of  his  Leyden  battery"  ;  and  this  is,  by  his 
theory  of  thti  identity  of  th(>  combining  with  the 
decomposing  force,  the  quaotity  of  electricity  which 
is  naturaliy  associated  i^ith  the  elements  of  the 
grain  of  water,  endowing  them  with  their  mutual 
affinity. 

}  Many  of  the  subordinate  facts  and  laws  which 
were  brought  to  light  by  these  researches,  clearly 
point  to  generalizations,  not  included  in  that  whicli 
we  have  had  to  consider,  and  not  yet  discovered  f 
such  laws  do  not  properly  belong  to  our  m^  plan, 
which  is  to  make  our  way  up  to  the  general izatioofi. 
"  Art.  153.  "  aei. 
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t  there  \r  one  whicpi   so  cnclontly  promises  to 

e  an  important  bcariog  on  future  cbemical  theo- 

ries»  that  I  will  brieiJy  menUon  it.     Tho  class  of 

bodies  which  are  cajiable  of  elt^otrical  ilccomposi- 

tion  IB  limited  by  a  very  reniarkaljle  law :  they  arc 

uch  binary  compounds  only  as  consist  of  tnngh 

roportionals   of  theu-  elementary    principles.     It 

does  not  lielong  to  ns  here  to  speculate  nn  the 

ibie  import  of  this  curious  law  ■  which,  if  iKit 

fully  estabiishei  Faraday  has  rendered,  at  least, 

bighly^  probable":  but  it  is  impossible  not  to  see 

ow  cloficly  it  cdunects  tho  atomic  with  tht?  eU^tro- 

themieal  theory;  iimi   in   the  cnnucxion  of  these 

two  great  m^'mbers  of  chemistry,  is  involved  the 

prospect  of  its  reaching  wider  generalizations,  and 

principles  more  profound  than  we  have  yet  caught 

sight  of. 

As  another  example  of  this  connexion,  I  will, 
ally,  notice  that  Faraday  has  employed  his  dis- 
coveries in  order  to  decide,  in  some  doubtful  cases, 
what  is  the  true  chemical  equivalent*^;  "I  have 
conviction,"  he  says,  '*that  the  power  which 
governs  electro -decomposition  and  ordinary  che- 
mical attractions  is  tho  same;  and  such  contideuce 
the  overruling  influence  of  those  natural  laws 
hich  remler  the  fomifT  <iefiitite,  as  to  feel  no  hesi- 
lion  in  believing  that  the  latter  must  submit  to 
lUem  too-  Such  being  the  case,  1  can  hare  no  doubt 
that,  assuming  hyilrogen  as  1,  auH  dismissing  small 
-  Art.  flfl7  "351, 
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fracticiis  for  the  siraplicitv  of  expreggion,  the  equi- 
valent number  or  atomic  weight  oi'  oxygen  is  tS.  of 
chlorine  36,  of  bromine  78.1  of  lead  103.3.  of  tia 
59,  dec;  notwithstanding  that  a  VL^rj  high  authority 
doubles  several  of  these  numbers." 


Sect.  4. — Reception  i^the  Electro-cfiemicat  Theorj/, 

The  epoch  of  establishment  of  the  eleetro-chcmieal 
theory,  like  other  great  scientific  epochs,  must  have 
its  sequel,  the  period  of  its  reception  ajid  coniuTna- 
tioUf  application  and  extension.  In  that  period  we 
are  living,  and  it  must  be  the  task  of  fiitiiro  his- 
torians to  trace  its  course. 

We  may,  however,  say  a  word  on  the  reception 
U'hich  the  theory  met  with,  in  the  forms  which  it 
assumed,  ariterior  to  the  labours  of  Faraday.  Even 
before  the  great  discovery  of  Davy,  Grotthuss,  in 
1805,  had  written  upon  the  theory  of  electro-che- 
mical decomposition;  but  he  and,  as  we  have  seen, 
Davy»  and  afterwards  others  writers,  as  Hiftault 
and  Chompr^.  in  1807,  referred  the  effects  to  the 
poles''.  Out  the  most  important  attempt  to  ap< 
propriate  and  employ  the  generalization  which  these 
discovorics  BuggCBtyd,  was  that  of  Berzeltus;  who 
adopted  at  once  the  view  of  the  identity,  or  at  least 
the  universal  connexion,  of  electrical  relations  with 
ehemical  affinity.     Tie  conadered'^  that  in  all  che- 

'*   Fsraday  {lirj^arcfie'.  Art.  481.  4^). 
•^  Afin.  Chin.  Ixsiw'i.  146.  for  1813. 
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micai  com  bi nations  the  elenientg  may  b&  consi- 
dered as  electro-positive  and  electro-negative;  and 
made  this  opposition  the  ba^^Is  of  his  clicmtivil  doc- 
tzmes;  in  which  he  was  foJIowiHl  by  a  large  body 
of  the  chemists  of  Germany.  He  held  too  that  the 
heat  and  iigbt«  evolved  during  cases  of  powerful 
combination,  are  the  consef^uence  of  the  electric 
dLscha,rge  which  is  at  that  moment  taking  place:  a 
conjecture  whieh  Fjiraday  at  Hrst  spoke  of  with 
praise".  But  at  a  later  period  he  more  sagely  says*', 
that  the  flame  which  Ls  produced  in  such  cases 
exhibits  but  a  small  portion  of  the  electric  power 
whifh  really  acts,  "These  therefore  may  not,cannot> 
he  Uikczi  as  evidences  of  the  nature  of  the  action; 
but  are  merely  incidental  results^  incom[>arably 
small  in  relatioTi  to  the  forces  concerned,  and  sup- 
plying no  information  of  the  way  in  which  the  par- 
ticles are  active  on  each  other,  or  in  which  their 
forces  are  finaUy  arranged."  And  comparing  the 
evidence  which  he  himself  had  given  of  the  prin- 
ciple on  which  BerzeliiLs's  speculations  rested,  with 
the  speculations  themselves,  Faraday  justly  con- 
ceived, that  he  liad  transferred  the  doctrine  from 
the  domain  of  wliat  he  calk  tl</uhtjid  knmckdfje^  to 
that  of  inJuctive  certainty. 

Now  that  we  are  arrived  at  the  starting-place, 
from  which  this  well-proved  truth,  the  identity  of 
electric  and  chemical  forces,  must  make  its  future 
Advances,  it  would  be  trifling  to  dwell  longer  on 

■■  Ramrckfi,  Art,  «7tK  *"  WJO. 
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tho  details  of  thc^  djtfusion  of  that  doubtful  know- 
ledge which  preceded  tlus  more  certain  science. 
Our  history  of  chemistry  is,  tiiereibre,  here  at  an 
end,  I  have»  as  far  as  1  could,  executed  my  task; 
which  was*  to  mark  all  the  great  steps  of  ita  ad- 
vauec,  from  tho  most  unconnected  fact*  and  the 
Tnost  impcribct  speeidations.  to  the  highest  gcne- 
ralizatioD  at  'vvhlch  chemical  philosophers  have  yet 
arrived. 

Vet  it  will  appear  to  our  purpose  to  say  a  few 
words  on  the  connexion  of  this  science  with  those 
of  which  we  arc  next  to  treat;  and  that  I  now  pro- 
coed  to  do. 


19? 


CHAPTER  X, 

TRANaiTlOr*    FROM   TIIK  CjFEMICAL  TV  TilE  C'LAaSI- 

PicATORY  Sciences. 

IT  IB  the  ohject  anJ  the  lioast  of  cbemistry  to 
aci]turL'  a  knowledge  of  hodies  which  is  morc 
exact  and  constant  than  any  knowledge  borrowed 
from  their  sensible  qualities  can  be;  since  it  pene- 
trates into  their  intimate  constitution,  and  di.ncloscs 
to  us  the  invariable  laws  of  their  conipoaition.  Hut 
yet  it  will  be  seen,  on  a  little  reflection,  that  such 
kiiowledj;e  could  not  have  any  existence,  if  we  were 
not  also  attentive  to  their  sensible  qualities. 

The  whole  fabric  of  chumistry  rests,  even  at 
the  present  day,  upon  the  opposition  of  acids  and 
\iases:  an  acid  was  certainly  at  tirst  known  by  its 
Bensiblu  i]ualiti*^s.  and  how  otherwise,  even  now,  do 
wr  |M?rct'ive  its  quality?  It  was  a  ^eat  discovery 
of  modern  times  that  earths  and  alkalies  have  for 
th^  \ta&es  metals:  but  what  are  mvtahf  or  how, 
except  from  Instre,  liai'dness*  weight,  atid  the  like^ 
do  we  re^ogTiize  a  body  a?  a  metal?  And  how, 
except  by  such  characters,  even  before  its  analysis, 
was  it  known  to  be  an  earth  or  an  alkali  f  We 
must  supjiose  si»nic  ela.si^ifi cation  established,  before 
we  can  make  any  advance  by  experiment  or  obser- 
vation. 

It  is  easy  to  s<v  tbnt  all  attempts  to  avoid  this 
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difficulty  by  referriDg  to  proce3ses  and  analogies, 
well  as  to  substances,  bring  us  back  to  the  same 
point  in  a  circle  of  fallacies.  If  we  say  tliat  an 
acid  and  alkali  hjtb  known  by  ccmliiniug  with  each 
other,  we  still  must  a^k,  What  is  the  criterion  that 
they  have  coTnHnedf  If  we  say  that  the  disUnc- 
tive  qualities;  of  inetalfi  and  earths  are,  that  metals 
become  earths  by  ovidation,  we  must  still  inquire 
how  we  recognize  the  process  of  oxidation  f  We 
have  seen  how  important  a  part  combugtion  plays 
in  the  history  of  chemical  speculation;  and  we  may 
usefully  form  such  classes  of  bodies  as  cmnlnstrU^g 
and  mpporters  0/ combustion.  But  even  combustion 
ts  not  capable  of  beiDg  infallibly  known,  for  it 
passes  by  insonBible  shades  into  oxidation.  We  can 
find  no  basis  for  our  rea.soiiings,  which  tloee  not 
assume  a  classification  of  obvious  facts  and  qualities. 
But  any  classification  of  substances  on  such 
grounds,  appears,  at  first  sight,  to  involve  us  in 
vagueness,  nmhiguity,  and  contradiction.  Do  we 
really  take  the  sensible  qualities  of  an  acid  as  the 
criterion  of  its  being  an  acid? — for  instance,  its  sour- 
ness? Prussie  acid,  arsenious  acid,  are  not  sour 
**!  rememher,"  says  Dr.  Paris',  '-a  chemist  having 
been  evposed  to  much  ridicule  from  speaking  of  a 
s^teet  acid, — why  not?"  When  Davy  had  discovered 
potassium,  it  was  disputed  whether  it  was  a  metal; 
for  though  its  lustre  and  texture  are  metallic,  it  is 
so  light  as  to  swim  on  water.     And  if  potassium  be 
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allowed  to  be  a  metal,  is  silicium  one,  a  body  which 
wautfi  the  mtitaUic  luetrti,  and  is  it  non-conductor  of 
llectririly?  It  ia  clear  that,  at  least,  the  obtmtg 
ap[die«.tion  of  a  classificatioD  hj  physical  charac- 
■Aers,  is  attended  with  endless  perplexity, 
^^  But  siEce  we  caiiDol  even  begin  our  researcheB 
without   astiumiDg   a  elassilieation,   and   since   the 

ibriDs  of  sucL  a  classiiication  which  first  occur,  end 

apparent  confu^on,  it  is  clear  that  we  must  look 

our  philosophy  for  a  fiolution  of  this  difiiculty; 

jaust  avoid  the  enihairassnients  and  contradic- 

[bns  of  casual  and  unrefleetive  class iti cation,   by 

ibtaioiug  a  consistent  and  philosophical  arrange- 

lent.     We  must  employ  external  characters  and 

ilojpes  in  a  coiinected  and  systematic  maimer; 

re  must  have  CtamJi^aUmt  Sciena^s,  and  these 

lust  have  a  bearing  even  on  Chemistry. 

AeroTiIiugly,  the  moet   philosophical   chemists 

low  proceed  ii[H>n   this  principle.     "Tlie  nn'thod 

^whieh  1  have  followed,"  says  M.  Thenard,  in  his 

^Kfraitf  dr?  C/iimie,  published  in  1824,  "is,  to  unite 

^Bn  one  ^tmp  ^dl  aiiaUi|rous  Irodies;  and  the  advan- 

l^nn  of  this  method,   which  is  tho^t  employed    by 

haturalists,  is  very  great,  esi^ecially  in  the  study  of 

the  metals  and  their  compounds',"     In  this,  as  in 

^all  gi>o<i  systems  of  chemistry,  which  have  appeared 

^Hnce  the  establishment  of  the    phlogistic  theory, 

^^plpbustion,  and  the  analogous  processes,  arc  one 

^eat  element  in  the  ari'angement,  while  the  dif" 
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frn^nuu  of  motallir  ant!  noTi-metallic,  is  anotb^ 
elemi^rit.  Thus  Thuuard,  in  the  first  place,  speaks 
of  Oxygen;  in  the  next  place,  of  the  Non-roetnllic 
Combustibles,  as  Hydrogen,  Carbon,  Sulphur,  Cblo- 
nne;  and  in  the  next  place,  of  Metals.  But  th^ 
Metals  are  again  divided  into  six  Sections,  witli  re- 
fcTcnce,  principaUy,  to  their  iaeUity  of  conibiiiatiou 
with  oxygen.  Thus,  the  First  Section  is  the  Met^s 
of  the  Earths;  the  Si^coi^d,  the  Metals  of  the  Alka^ 
lies;  the  Thiril,  the  Easily  0x1  da  hie  Metals,  as  Iron; 
the  Fourth,  Metals  Less  Oxidahle.  a*  Copper  and 
Lead  ;  the  Fifth  Section  contains  only  Mercury  and 
Osmium;  aud  the  SLxth,  wh^t  were  at  an  earlier 
period  termed  the  Ntfftlif  Metals,  Gold^  Silver,  Pla- 
tinum, and  others. 

How  such  priuciples  are  to  be  applied,  so  as  to 
produce  a  definite  aad  consisteut  arrangement,  will 
\w  i^xplainwl  in  spi.';i.kinp  of  the  philosophy  iif  tho 
CiuaKifirat()rj  Sciences;  but  thctru'  arc  one  or  two 
peeuliaritios  in  the  classes  of  bodies  thus  recognized 
by  modern  chemistry,  which  it  may  be  useful  to 
notice. 

1.  The  distinction  of  Metallic  and  Non-metallic 
IS  still  employed,  as  of  fundamental  importance. 
The  discovery  of  new  metals  is  so  much  conneeteil 
with  the  iiHjuiries  coucerniiig  chemical  elements, 
that  we  may  notice  the  general  progress  of  such 
discoveries.  Gold,  SUcer,  Ir&n,  Coppm\  Qukk- 
mlrer,  Lt^rd,  Tith  were  knuwTi  from  the  earliest 
antiquity.  In  the  beginning;  of  tbc  sivtct^nth  ct^nturv, 
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le-directors,  like  Geoi^e  Agricola,  ha<J  advanced 

i^«ftr  in  practical  metallurgr.  that  tUey  had  dis- 

1  tho  means  of  extracting  three  additionoi 

petals,  ZuiL\  BJsmfiik^  Anthmmy.    After  this,  there 

no  new  metal  discovered  for  a  centurv,  and 

len  such  discoveries  were  made  by  the  theoretical 

chemists,  a  race  of  men  who  ha/l  not  existed  before 

BecchtT  and  Stahl.     Tiius  Arsenic  udcI  Coltalt  were 

made  known  hy  Brandt,  in  the  middle  of  the  eigh- 

tctrnth  century,  and  we  have  a  lon^  list  of  similar 

ificovuries  heloiit^ing  to  the  same  porioU;  Nwhd, 

UivijttJWi^e,  aijil  Tunifnttti,  which  were  detected  by 

ICrunslcdt,  Gahii  and  Scheele.  and  Delhuyart,  re- 
kcctlvely;  metals  of  a  very  different  kiad,  TyMu- 
Wimn  and  Moiyfihnam,  which  were  brought  to  Iij,dit 
By  Miiller.  Selieele,  Bergman,  and  Hieim;  Platu 
I  num.  which  was  known  as  early  as  1741,  but  with 
bgbe  ore  of  which,  in  1802  and  1F^03,  thu  English 
l^viemifits,  Wollaston  and  Tennant,  found  that  no  Inss 
^tlian  four  other  new  metals  {Paiiadimih  Rliodium^ 
^^ridium^  and  Os^ninm)  were  associateiL  Finally, 
^B>m]tti[kg  some  other  new  metals,)  we  have  another 
'  pi-riod  of  discovery,  opened  in  1S07,  by  Davy's  dis- 
>very  of  Pfitai^siuw,  and  including  the  resoiutioD 
alL  or  almost  all,  the  alkalies  and  earths  into 
letallic  bases  (k). 

2.    Attempts  have  been  made  to  indicate  the 

L*isitication  of  chemical  substances  by  some  peeu- 

tiaiiiy  In  tlie  Nanit ;  and  tJie  Metals,  foi-  example, 

iv<*  btti'n   di'sl;^rriat<'d  generally  by  niimes  in  um. 


202 


HISTORY   Of  CHEMISTRY. 


like  the  Latin  Eiamcs  of  the  ancient  metals,  fturHm^ 
feri'ifnt-     This  artitioc'  is  a  convenient  nomcnoLature 

for  the  purpose  of  marking  a  recognized  difference; 
and  it  would  bo  worth  the  while  of  chemists  to 
agree  to  make  it  universal,  by  writing  molybdenum 
utd  platlnu;7£;  which  Is  sometimes  done,  but  not 
always- 

3.  I  am  not  now  to  attempt  to  determine  how 
far  this  class, — Metals, — extends ;  but  when  the 
analogies  of  the  class  cease  to  bold,  the  nomencJa- 
ture  must  also  change.  Thus,  some  chemists,  as 
Dr.  Thomson,  have  conceived  that  the  base  of  Silica 
iH  monj  analogous  to  Carbon  and  Boron,  which 
form  acids  with  oxygen,  than  it  is  to  the  metals; 
and  he  has  accordingly  associated  this  base  with 
these  sdbstances,  and  has  given  it  the  same  tenni^ 
nation,  Silicmi.  But  on  the  validity  of  this  atialugy 
chemists  appear  not  to  be  generally  agreed. 

4.  There  is  another  class  of  bodies  which  have 
attracted  much  notion  ajnong  modern  chemifite,  and 
which  have  also  been  aasimifated  to  each  other  m 
the  form  of  their  name3:the  English  \^Titers  calling 
them  C/iforinf\  Fluorine,  lodhte,  J^rnrnine,  while 
the  French  use  tlie  terms  Chlore,  Phlin^e^  fotlr't 
Brmiii''^  We  have  already  noticed  the  establish- 
ment of  the  doctrine  that  muriatic  acid  is  formed 
of  a  base,  chlorine,  and  of  hydrogen,  as  a  great 
reform  in  the  oxygen  theory;  with  regard  to  whieh 
rival  claims  were  advanced  hy  Davy,  and  by  MM. 
Gay-Lussac  and  Thenard  in  1S()&.     Iodine,  a  re- 


\ 


I 


TRANSITION  TO  CLASSIFICATORV  SCIENCE,    203 


laricable  boJv  which,  from  h.  dark  powder,  is  con- 
Tied  into  a  Tiolet-co loured  gas  by  the  applicatiou 
heat,  was  al50«  id  1313,  the  e;iibject  of  a  similar 
ivalry  betweeo  the  samp  English  and  French  chc- 
mit^ts.      Bromine   was  only  discovered  as  late  as 
^^8^6;    and  Fluonne.  or  Phtoi'e,  as,  from  its  de- 
"mructive  nature^  it  has  hoea  proposed  to  term  it,  has 
not  been  obtained  as  a  separate  i^ubblance,  and  is 
inferred  to  exist  by  analogy  only.     These  aJialogics 
*re  very  peculiar;  for  instance,  by  combination  with 
^hietals  they  form  salts;  by  combination  with  hy- 
"drogcn  they  Form  very  etronp^  anids;  and  alU  at  the 
commnn  temperature  of  the  atmosphere,  operate 
oil    other  borlics    in   the    most  energetic   manner 
Berzelius^  proposes  to  call  them  haic^enous  bodies, 
^kr  haUnjmies. 

^B  £i.  The  number  of  Elementary  Subgtanees  which 
^■re  at  present  presented  in  our  treatises  of  che- 
^Tnistry'  is  j^tu-t/wte.     It  is  naturally  often  asked 

I  what  evidence  we  have,  that  these  are  eUmt^nta  rt/, 
\jT  that  they  are  aU: — how  we  know  that  new 
Elements  may  not  hereafter  be  discovered,  or  these 
Supposed  simple  bodies  resolved  into  sunpler  stiU? 
To  tbrso  questions  wo  can  only  answer,  by  referring 
the  history  of  chemistry; — by  pointing  out  what 
lemists  have  understood  by  analysis,  according  to 
le  preceding  narrative.  They  have  cini-idered,  as 
le  analysis  of  a  substance,  that  elementary  consti- 
idon  of  it  which  gives  the  only  intelligible  expla- 
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TiHtion  of  tbp  results  of  chemical  manipulation,  and 
U'hit'h  is  proved  to  be  tompleti'  ua  tt>  (^uautity,  hy 
the  balance,  since  the  whole  can  ou\y  he  equal  to 
all  its  parts.  It  U  impossible  to  maintain  that  new 
substanceB  maj  not  hereaRer  be  discovered ;  for 
they  maj'  lurk,  even  in  familiar  substances,  in  doses 
so  minute  that  thoy  have  not  yet  been  missed  amid 
the  inevitable  slight  inaccuracies  of  all  analysis,  in 
the  way  in  which  iodine  and  bromine  remained  so 
long  undetected  in  sea-water;  and  new  minerals,  or 
old  ones  not  yet  sufficiently  examined,  can  hardly 
Jail  to  add  something  to  our  list.  As  to  the  possi- 
bility of  a  fiirther  analysis  of  our  supposed  simple 
bodies,  we  may  venture  to  say  that,  in  regard  to 
such  su]>|Josed  simple  bodies  as  compose  a  nmnerous 
and  well-characterised  class,  no  such  step  can  be 
made,  except  through  some  great  change  in  che- 
mical theory,  which  gives  us  a  new  view  of  all  the 
general  relations  which  chi-mislry  has  yot  disco- 
veredn  The  proper  evidence  of  the  reality  of  any 
supposed  new  analysis  [s«  that  it  is  more  consistent 
with  the  known  analogies  of  chemistry,  to  suppose 
the  process  analytical  than  synthetical.  Thus,  as 
has  already  been  said,  chemists  admit  the  existence 
of  fluorine,  from  the  analogy  of  chlorine;  and  Davy, 
when  it  was  found  that  amnionia  formed  an  amal- 
gam with  mercury,  wa^  tempted  to  assi^i  to  it  a 
metallic  basis.  But  then  he  again  hesitates*,  and 
doubts  whether  the  analogies  of  our  knowledge  aro 

^  EIrm.  Chrm.  PhU.  1813,  p.  43L 
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not  better  preserved  l>y  ^ufi|K)am^  thjit  amraorua.  as 
a  compound  of  hydrogen  and  another  principle,  is 
a  type  of  the  composition  of  the  metals." 

Our  history,  \\hich  is  the  history  of  what  we 
know,  has  little  to  do  with  such  conjectures.  There 
are,  however,  some  not  unimportant  principles 
ich  bear  npon  them,  and  which,  as  they  are 
usually  fmployod,  belong  to  the  science  which  next 
es  under  our  review,  Mineralogy. 
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(p>)  p.  141,  TuocoH  the  viow  nf  tbo  modt^  in  which 
g&BGous  cbiminU  bef^ome  ^xed  in  bodies  and  dotErmme 
thoir  [rroporLlua^  had  gnmt  additiuiiriL  li^bt  tbrown  upon  ii 
by  Dr^  Blauk^a  dUooventui,  na  atat^^d  in  Uie  iaxit  Uiij  noliou 
tb&t  solid  bodies  involve  such  g;aseou8  vltimeats  was  not 
new  at  that  period,  Mr.  Vomon  Harcourt  has  ahown 
{PML  Afojj.  1S46,)  that  Newton  and  Boyle  admiltpd  into 
their  sp^^nilationa  aire  of  vani>us  kinds,  capable  of  fixation 
in  bodied.  1  have,  in  the  succeoding  chapter,  (Chap,  vi.) 
fipoken  of  the  viewd  of  Rey^  Hookn  atid  MiLyow,  oonnectod 
with  the  function  of  airs  in  chemistry,  and  forming  a  pre- 
lude to  tho  Ovygon  Theory. 

Co.)  P-  144.  Iti  the  Fhiltmtphit  (B,  vi,  a  4.)  1  have 
Btattid, — witli  reforenue  to  reeeat  attempU  to  deprive 
Cavendish  of  lh«  credit  of  hie  diacovery  uf  tho  wimpOBition 
of  water,  and  to  transfer  it  to  Watt^' — that  ^Vatt  not  only 
did  not  anticipiite,  but  did  not  fuHy  appn>ciato  the  dia^ 
covery  rrf  Cavendinh  and  Lavoiuier ;  aEid  1  have  oxpnsaod 
my  concarpontie  with  Mr.  Vernon  Harcoart''s  views,  when 
he  says  {^AddrEU  to  the  British  Jaoctatamj  IS.^^,)  that 
"Cavendish  pared  off  from  the  current  hypotheses  their 
theory  of  combuetioni  and  their  aflinLtieB  of  imponderable 
Fcir  ponderable  matter,  aa  complicating  chemical  with  pby- 
fiical  con^duratious ;  and  he  then  corrected  and  adjusted 
them  with  admirable  skill  to  tho  actual  phonemena,  not 
binding  tho  faets  to  the  theory,  but  adapting  the  theory  to 
the  fa«u;" 
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J  conc^vf  that  the  diwueaian  whiah  the  BubJGtit  hia 
ntlj'  receivLcl,  haa  left  no  doubt  oa  ibo  iniad  of  any 
e  who  had  penucd  ^e  documontB,  that  CavendiBh  is 
jufltly  cntirJ^  to  the  hon'mr  af  this  discovei^,  which  in  hia 
own  triDD  WM  never  tN>nt<«te<l.  Tho  publjcation  of  hja 
JounudA  of  EsporimtntB  {Jp^'ewii^i  io  Mr.  V.  Haroourt'a 
Jdtiten)  ebowH  that  he  suaiMed4>d  in  eutabbtihiQg  the  point 
<tueBtion  m  July  iTSt.  Hie  e]&perinieiit«  3.rB  r^fcrrod 
m  Ml  abfltnict  of  %  paper  of  Priefltby'a.  made  by  Dr, 
Maty,  tho  ecoretiiry  of  tho  Royal  Society,  in  June  1783. 
Ill  Judo  1783,  also,  Dr»  Hla^dno  co^mnunioat^d  the  result 
of  C«Ttqtdi£h''B  exporuaents  to  Lavoii^r,  at  i'di-ifi.  Wutt*B 
letteTt  contauking  hi^t  hypi^th^^  that  ^'  wattv  b  oompoaod 
of  depblogisticftted  air  and  phlegujton  deprived  of  part  of 
thMr  Intent  or  eletncntary  litat ;  and  that  phlogisticatod 
or  pure  air  is  compoei^d  of  water  deprived  of  lie  phlogiston 
unitul  to  (th^uLuuLiry  heat  uid  bgfali/^  waa  not  read  till 
Nov.  17&S;  vid  Qven  if  it  could  have  euggbGled  8uoh  an 
experiment  aa  Cavendibh^  (Ahlch  doeb  not  appeur  likely,) 
proved,  l>y  the  dates,  to  have  had  ni>  share  in  doJug  no. 
Mr.  Cavendifih'a  oxporimont  wad  &aggG«iQd  by  an  ox- 
imciit  in  which  Warltlrc,  a  locturur  on  chemifltry  at 
irmingbajn,  eiploded  a  uiiiture  of  hydrogen  and  ooomion 
air  in  a  olow  vewel.  m  order  to  determine  ultt'ther  heai 
wre  ponda*able. 

(il)  p.  170.  Sinoo  I  wroto  the  oxpressiou  of  hope  in 
the  VoLt^  the  psHod  of  Daltun's  eojoum  ?inton^  us  huB  ter- 
ttnftted.      Ho  died  on  tho  STtb  of  July,  1^44,  a^tni  78. 

Hia  ^ow^townemifii,  the  tiilj^kbttautfi  of  Manc^heeteri 
«ho  hftd  tc  long  taken  a  pride  in  hia  residence  among 
aoon  nfter  hia  death,  enme  to  a  determination  to 
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perpetuate  h'ln  mvinaij  hy  vBloXihshmg  ia  hie  h<?noiir  n 
ProfcH&or  of  Cliomirtry  at  Manchesler, 

00  P-  1^'-  ^'  Schroder,  of  M&nnlieim,  ha^  ondc^j^ 
Tourpd  to  eNtond  to  eolids  a  law  in  «omo  *iegreo  rew?m- 
bJmg  Gay- LusBao^a  law  of  thu  volumoa  of  ga«».  Aooordinfr 
to  htm.  Uio  volumee  of  the  chemical  (^quivdoote  of  einiplc' 
Bitbbtancea  and  their  compounds  aro  as  wbulti  nunibere. 
(Dif  moifKuhr-rolttme  der  Ohgmitc&^nVerhindtOMerr  in/ettfti 
•and  fnfiia^fv,  Zust^mde,  lS-t3,)  MM.  Kopp.  Playfair  and 
Joule  hnvo  lalKiurod  in  the  luuno  field- 

(k.)  p,  Sftl-  Thu  ta»t  few  ycJLTH  havo  inad^  aomer  At 
leu^t  some  coDJecturol*  addjtions  to  the  ItHt  of  tiimpio  Hub- 
etnnoeB,  drtecttKl  by  a,  mon?  nuDiite  ecrutinj  of  known 
eubetances.  ThGriatn  was  discovered  by  Ber^elius  in  1 8S8 ; 
and  Vanadium  by  Prflfoaaor  Hcfatrom  in  1830,  A  metal 
nameil  Cerium,  wan  dtHCOVUtvd  in  INQH*  by  Hisinj^r  and 
Iki'zelitiH,  ill  a  rare  Swedish  nuiieral  known  by  the  name 
Iff  Cerit,  MoBaiidur  more  recently  baa  found  comUnod 
with  Cerium,  other  new  metaK  which  bo  has  called  Lan* 
thamiura^  IHdffmiwfl.  Erhium.  and  Ttvbivm-  M.  Klaiu  haa 
fbiind  a  npw  motrd,  Rnfh'mirr.in,  in  Iho  ore  of  Platinum  ; 
and  Hotno  hns  discovered  in  Tantahte  two othnrnnw moUtlo^ 
whioh  ho  haii  announced  undt.T  the  namox  of  Pelopiam  and 
^fioi/ium.  Svanberg  ie  said  to  have  discovered  a  new 
earth  In  Eudialjl,  which  ]n  HupjHWuil  to  have,  Lkc  th« 
FGHt^  a  new  i^ical.  If  thiwe  last  discoveriefl  Ix*  confirmcul, 
the  number  of  Bimplo  Biib^tanarB  wiLl  be  raifiod  to  ntty-tvytr. 
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Aaar  onopjxxar   mpif^tyyioc  afiBp^tiv   aiyXiji, 
Ofhts  Tot  fnaapfup  afiwrjmrot.   (t^vX^o-f. 


Naw,  if  (he  bold  but  pinus  thought  be  thinp. 
To  reach  our  npacioua  Lcmplc'ii  inner  sUrinc, 
Takv  in  ihy  mvenat  bauds  thu  crystal  ahme, 
"Unierp  hsjivr-nly  liflht  in  turtliy  aKrourJ   is  shown  ;^ 
^ITierc,  mnnldeil  into  moftsuml  fomi,  "-ith  rayB 
t'omples  yrl  vhur,  ih«  ti«mal  Ethit  pli^'t ; 
Thii  if  thou  finnJy  hobi  ami  rir;btJy  use, 
Pfol  kuig  the  gDda  Lhy  udent  wiab  rtfiuB. 


IKTHODUCTION. 


Sed-  1- — 0/the  Classffii^ator^  Sciences. 

THE  horizon  of  the  scicnucs  spreads  wider  and 
wid^r  before  u^  as  we  advance  in  our  task  of 
taking  a  survey  of  the  vast  domain.     We  have  seen 
that  the  existence  of  Chemistry  as  a  science  which, 
dedarcs  tTic  ingredients  and  essential  constitution 
of  all    kiuds   of  bodies,    implies  the  existence  of 
another  corresponding  science,  wliicli  shall  divide 
bodies  into  kinds,  and  point  out  steadily  and  pre- 
cisely what  bodice  Ihcy  are  whieh  we  havR  analyzed. 
But  a  science  thus  dividing  and  defiTLing  bodies,  is 
but  one  memlier  of  an  order  of  sciences,  different 
&om   those    which    we    have   hitherto  described ; 
namely,  of  the  viassi/fralon/  mi'ww.    Su^rh  sciences 
there  must  be,  not  only  having  reference  to  the 
bodies  with  which  chemistry  deals,  but  also  to  all 
things  respecting  which  we  aspire  to  obtain  any 
general   knowledge,    as,    for   instance,   plants  and 
snimals.     Indeed  it  will  be  tbiind,  that  it  is  with 
regard  to  these  Utter  objects,  to  organized  beings, 
that  the  process  of  seieutitic  classification  has  been 
most  successfully  exercised;  while  with  regard  to 
inoT^nic  substances,  the  formation  of  a  satisfactory 
system  of  arrangement  has  been  found  extremely 
difficult;  nor  has  the  necessity  of  such  a  syKtem 
been  recognized  by  chemists  so  distinctly  and  eoli- 
th 
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stantly  as  it  ought  to  he.  The  beat  c^cmpUficatioiis 
of  these  branches  of  knowledge,  of  which  ve  now 
liave  to  speak,  will,  thereforei  be  found  iii  the  orga- 
nic world,  iu  Biftan}'  and  Zoologj';  but  we  wUl,  in 
the  first  place,  take  a  brief  view  of  the  aeienee  which 
classifies  inorganic  bodies,  and  of  which  Mineralogy 
is  hitherto  the  very  imperfect  representative- 

Tho  principles  and  rules  of  the  Classi6catory 
Sciences,  .as  well  as  of  tliosc  of  the  other  orders  of 
sciences,  must  be  fullv  explained  when  wc  come  to 
treat  of  the  Philosophy  of  the  Sciences;  and  cannot 
be  introduced  here,  where  wc  have  to  do  with  his' 
tory  only.  But  I  may  observe  very  briefly,  that 
with  the  process  of  dasmig,  is  joined  the  process  of 
nf77«(fli;;— that  names  imply  classification;— and  that 
even  the  rudest  and  e.irUest  appiicatiun  (if  language 
presupposes  a  distribution  of  objectj^  according  to 
their  kinds ; — but  that  such  a  spontaneous  and  un- 
systematic distribution  cannot,  iu  the  cases  we  now 
have  to  consider,  answer  the  purposes  of  exact  and 
general  knowledge.  Our  ela-ssiti cation  of  objects 
must  be  made  consistent  and  systematic,  in  order 
to  he  scientific;  we  must  discover  marks  and  cha- 
racters, properties  and  conditions^  which  are  con- 
stant in  their  occurrence  and  relations;  we  must 
form  our  classes,  we  must  impose  our  names,  ac- 
cordiu^'  to  such  marks.  We  can  thus,  and  thus 
alone,  arrive  at  that  precise,  certain,  and  systematic 
knowledge,  which  we  seek;  that  is,  at  science.  The 
olfject,   then,    of  the  classificatory   sciences   is  to 
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kbtaiir  fixed  ciTAHAfTRRs  of  tho  kinils  of  things; 
and  the  criterion  of  tlic  fitTicss  of  names  is,  that 

iY  MAKE  CEJJEHAL  PBQPOSITIONa  POSSIBLE. 

I  proceed  to  review  the  progress  of  certain  sci- 
ices  on  tht'st*  priiHiiples,  and  first,  though  hripfly, 
le  science  of  Mineralog}'. 


P^. 


f,  %—0/ Minerahgif  as  the  Anal^ifo- 
clamftcatory  Science. 

iNERALOr.T-  as  it  has  hitherto  been  cultivated,  is, 
OS  1  have  already  said,  ao  Imperfect  representative 
of  the  department  of  human  kuosvLedge  to  which  it 

longs.  The  attempts  at  the  science  have  geoe- 
rallf  been  made  bv  colleeting  various  kinds  of 
information  respecting  mineral  bodies;  but  the  sci- 
ence which  we  reijnire  is  a  complete  and  consistent 
classified  system  of  all  inorganic  bodies.  For  che- 
mistrj-  proceeds  upon  the  principle  that  the  coDSti- 
tution  of  a  body  invariably  detenuines  its  proiK-r- 
ties;  and,  consc4|uently,  its  kind;  but  we  cannot 
apply  this  principle,  except  we  can  speak  with  pre- 
cinon  of  the  kind  of  a  body,  as  well  as  of  its 
composition.  We  nannot  attach  any  sense  to  the 
as-sertion,  that  ''  soda  or  baryta  has  a  metal  for  its 
,"  except  we  know  what  a  metal  is,  or  at  least 

hat  properties  it  implies.     It  may  not  be,  ind(>ed 

is  not.  jHJssilde,  to  define  the  kinds  of  bodies  by 
words  only ;  but  the  classification  must  proceed  by 
sonie  constant   and  generally  applicable  process; 
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and  tlie  knoftlpdge  wliicli  haa  reference  to  the 
classification  will  be  precise  as  far  as  this  process  ia 
precise,  and  Tague  as  far  as  tlila  is  vague. 

There  must  he,  then,  as  a  necessary  eupplement 
to  Chemistry,  a  Science  of  those  properties  of  bodies 
by  which  we  divide  them  into  kinds.  Mineralogy 
is  the  branch  of  knowledge  which  has  discharged 
the  offiee  of  such  a  science,  so  far  as  it  has  been 
dLschar^^ed ;  and,  indeed.  Mineralogy  has  been  gra- 
dually approaching  to  a  clear  cotisciousness  of  hor 
real  place^  and  of  her  whole  task;  I  shall  give  the 
history  of  some  of  the  advances  which  have  thus 
been  made.  They  are,  principally,  the  establish- 
ment and  use  of  external  chara^ers,  especially  of 
Cri/fftalli/is  Fon/f,  as  a  fised  character  of  definite 
EuKstanees;  and  the  attempts  to  bring  into  view 
the  CfHiTicsion  of  chemical  constitution  and  external 
properties,  made  in  the  shape  of  mineralogical  S^s- 
tef)is;  both  those  in  which  rhemhid  mclJiods  t^ 
arrafhjvjtumt  are  adoptwl,  and  tliost?  which  profc3s 
to  classify  by  the  9tatural-/iij^</r^  imthod. 
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chapter  l 

Prelude  to  the  Epoch  of  De  Lisle  asd  Hauy. 

OF  all  tbe  physical  properties  of  bodies,  there  is 
none  so  fixed,  and  in  every  way  so  remark- 
able, as  this; — that  the  same  chemical  eompQund 
always  assumes,  with  the  utmcjst  precision,  the 
same  geometrical  form.  This  identity,  however,  ig 
jw>t  immediately  obvious;  it  is  often  obscured  by 

arious  mixtures  and  imperfections  in  the  sub- 
stance; and  even  when  it  is  complete,  it  is  not 
immediately  rect^izcd  by  a  common  eye,  since  it 
nsibts,  not  in  the  equality  of  the  sides  or  faces  of 
e  figures,  hiit  in  the  eipiality  of  tin.'ir  ang-les'. 
Hence  it  is  rot  surprizing  that  the  constancy  of 
fonn  was  not  detected  by  the  early  observers. 
PUny  says',  "Why  eryrtal  is  generated  in  a  bex^ 
gonal  fonn,  it  la  difficult  to  ossiign  a  reason ;  and 

he  more  so,  since,  while  its  faces  are  smoother  than 
any  art  could  make  them,  the  pyramidal  points  are 
not  aU  1^  the  mmG  kind."  The  quartz  crystals  of 
the  Alps,  to  B'hich  he  referB,  are,  in  gome  specimens, 

cry  regular,  while  in  others,  one  side  of  the  pyra^ 
mid   becomes  much   the   largest;  yet  the  angles 

'  yuL  Uht.  htSi.  2, 
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remain  constantly  the  fianie.  But  when  the  whole 
shape  varied  so  much,  tho  angles  also  seemed  to 
vary.  Thus  Conrad  Gessner,  a  verv  learned  natu- 
ralist, who,  in  L'>64,  published  at  Zurich  his  work, 
Dg  rerum  Foi^ailirtiu,  Lapidum  el  Ge^nmaraui 
Titaicivw,  FigttrU,  ^s',  "One  crystal  differs  from 
another  in  its  angles,  and  consequently  in  its  figure," 
And  Ca^salpinus,  who,  as  we  shall  find,  did  so  much 
in  establishing  fixed  characters  iu  botany.  Was  led 
by  some  of  his  general  views  to  disJ>elieve  the  fisity 
of  the  form  of  crystals.  In  his  work/)^  MetaUlHs, 
published  at  Nureniburg  in  1602,  he  says\  "To 
ascribe  to  inanimate  bodies  a  definite  fonn,  does 
not  appear  consentaneous  to  reason;  for  it  is  the 
office  of  organization  to  produce  a  definite  form;'' 
an  opiaioQ  very  natural  id  one  who  had  been 
immersed  in  the  study  of  the  general  analogies  of 
t\iG  forms  of  plants.  But  though  this  is  excusable 
in  Csesalpinus,  the  rejection  of  this  definiteness  of 
form  a  hundred  and  eighty  years  later,  when  its 
existence  had  been  proved,  and  its  laws  developed 
by  numerous  observers,  cannot  be  ascribed  to  any- 
thing but  strong  prejudice;  yet  this  was  the  course 
taken  by  no  less  a  person  than  Buffon.  "Tlie  form 
of  crystalli/alioTu"  says  he',  "  is  7fot  <i  vonstant  cha- 
racter,  but  is  more  erpiivocal  and  more  variable 
than  any  other  of  the  characters  by  which  minerals 
are  to  be  distinguished/'  And  accordingly,  he  makes 
no  use  of  this  most  important  feature  in  his  history 
'  p.  25,  ■  p.  i)7-  '  ^''^'  dis  Min.  p.  MZ. 
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minerals.  T\m  slrange  porverseness  may  per- 
haps be  ascrilied  to  tho  tlisllke  u'hicli  Buffon  is  said 
to  have  eptcrtaincd  for  Limiajua,  who  had  made 
CTTstalline  form  n.  loading  character  of  miuLTals, 
Ip  It  is  not  nece&sary  to  mark  all  the  minute  steps 
"'"b^  which  mineraloj^ists  were  gradually  led  to  see 
clearij  the  Tiatiire  and  laws  of  the  fixity  of  er^^stal- 
line  forms.  These  forms  were  at  first  notieed  in 
that  substance  which  is  peculiarly  called  rook- 
cryf^  or  r|iiart:^;  and  afterwards  iu  various  atones 
and  gems.  In  salts  nbtafned  from  various  sohition^ 
and  ID  snow.  But  those  who  observed  the  remark- 
able repilar  fifrures  which  these  substances  assume, 
were  at  first  impelled  onwards  in  their  speculations 
by  the  natural  tendency  of  the  human  mind  to 
peueraliKe  and  guess,  rather  than  to  examine  and 
measure.  They  attempted  to  snatch  at  once  the 
general  laws  of  geometrical  regularity  of  these 
occurrences,  or  to  connect  them  with  some  doctrine 
concerning  formative  causes.  Thus  Kepler\  in  his 
Harmojiks  qf  the  Worlds  asserts  a  "fminntrix 
JacuUit^^  wbreh  has  its  seat  in  the  entrails  of  the 
earth,  and,  after  the  manner  nf  a  pregnant  woman, 
expresses  the  five  regular  geometrical  solids  in  the 
forms  of  gems."  But  philosophers,  in  the  course  of 
time,  ca.mt?  to  build  more  upon  obsen'ation,  and  less 
upon  abstract  reasonings.  Nicolas  Steno.  a  Dane, 
blished,  in  1669,  a  dissertation  De  Solufo  intra 
Solidum  N'itur<iliter  coiUt^ttto,  m  which  he  says\ 
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that  though  the  skies  of  the  bexap^onal  crystal  may 

Tary,  the  angles  arn  ^mt  rhangnd.  And  Dominic 
Gulielmini,  in  a  iJia^eriation  nn  Solts,  publisher]  in 
i707,  saya^  in  a  true  i[nJuetivc  spirit,  "Nature  does 
DOt  employ  all  figures,  but  only  certain  ones  of 
those  which  arc  possible;  and  of  these,  the  deter- 
inination  is  not  to  be  ft'tchi-'d  from  tln.i  brain,  or 
provcil  t)  prwri,  hut  c»litaincd  by  cxin'rimeDts  and 
obsen-atioDS."  And  he  speaks*  with  entire  decision 
on  this  subject :  "  Nevertheless  since  there  U  here  a 
principle  of  crystallization,  the  indlnatiou  of  the 
planes  and  of  the  angles  is  always  constaDt."  He 
even  anticipates,  very  nearly,  the  views  of  later 
crystallographers  as  to  the  mode  in  ■vvhicli  crystals 
are  formed  from  ob.^ncntary  moleeules-  From  this 
time,  many  persons  laboured  and  speculated  on  this 
subject ;  as  Cappeller,  ^vhose  Proih-oniits  Crppfafh- 
pi'aphim  appiMrcfl  at  Lucern  in  1723;  Dourguet, 
wjio  publishcfi  Letfrc^  FhUosophiq^i-e^  ifrtr  ft  For- 
maiioji  <h  Seh  et  de  Crhfanx^  at  Amsterdam,  in 
1729;  and  llenekel,  the  "  Pbysicus"  of  the  elector 
of  Saxony,  whose  Fifritoffijfia  came  forth  in  1725. 
In  this  last  work  we  Jiavc  an  example  of  the  de- 
scription of  the  various  forms  of  special  classes  of 
minerals,  (iron  pyrites,  copper  p>Tile?.  and  arsenic 
pyrit^'K ;)  and  an  example  of  the  enthusiasm  which 
this  appar^^ntlv  dry  and  laborious  study  can  excite: 
"Neither  tongue  nor  stoae/"  he  exclaims*,  "can 
express  the  satisfaction  which  1  received  on  setting 
■  p,  it».  '  p,m.  '  p,  ;w,i. 
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Upon  thissmter  coverc^l  Avith  ^iDim;  and  thus 
it  constantly  happens,  tLiat  one  must  have  more 
pleasure  in  what  seoms  worthless  nihbi&h,  than  in 
the  purest  and  most  precious  ores,  if  we  know  aught 
of  minerals  " 

^H     StiH.  bowrvcr,  Honckd^"  disclaims  the  intention 

^W  arranging  minerals  according  to  their  mathema- 

I    tieal  forms;  and  this,  which  may  he  considered  as 

the  first  decided  step  in  the  formation  of  crystal- 

io^raphic  mineralogy,  appears  to  have  been  first 

attempted  by  Linnaeus.     In  tliis  attempt,  however, 

I    be  was  by  no  means  happy;  nor  does  ho  himself 

appear  to  have  been  satisfied.     He  begins  his  pro- 

iace  by  saying-,  *'Litho[ogy  is  not  what  I  plurae 

mys^  upon."  {Lifholo^ia  titihi  cristas  non  eri^et.) 

ough  his  s^acity.  as  a  natural  historian,  led  him 

to  see  that  crystalline  form  was  one  of  the  most 

definite,  and  therefore  most  important,  characters 

of  minerals,  he  failed  in  profiting  by  this  thought, 

use,  in  applying  it,  he  <lid  nut  employ  the  light 

geometry,  hut  was  regulated  by  what  appeared 

to  him  resemblances,  arbitrarily  selected,  and  often 

delusive'^     Thus  he  derived  the  form  of  pyritea 

m  tljat  of  vitriol'';  and  brought  togi^ther  alum 

d  diamond  on  account  of  their  common  oetohe- 

dral  tbrni.   But  he  had  the  great  merit  of  animating 

to  this  study  one  to  whom,  more  perhaps  than  to 

y  other  person,  it  owes  its  snbse*juent  progreBS; 

I  mean  Rom^  de  Lisle.     "In5tmctc<i,"  thb  writer 
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says,  in  his  prera^-o  to  his  Esutais  de  Cnstalhffraphie, 
**b/  the  works  of  the  celebrated  Von  Lina^,  how 
greatly  the  study  of  the  angular  form  of  crystals 
might  become  interesting,  and  fitted  to  extend  the 
sphere  of  our  minora! ogical  knowledge,  T  have  fol- 
lowed them  in  all  their  metamorphoses  u'ith  the 
most  scrupulous  attention.^  The  views  ofLinnsus. 
&fi  to  the  importa.nee  of  this  character,  had  indeed 
becB  adopted  by  several  others;  as  John  HilV  the 
king's  gardeoor  at  Kew,  who,  in  1777,  published 
his  Spathogemsia  I  and  Grignon,  who,  in  1775. 
says,  "  These  crystallizations  may  give  the  meaES  of 
finding  a  new  theory  of  the  generation  of  crystalline 
gems," 

The  circumstance  which  threw  so  mucli  difficulty 
in  the  wav  of  those  who  tried  to  follow  out  tliia 
thought  was,  that  in  consetjuence  of  the  apparent 
irregularity  of  crystals,  ariaing  from  the  cxtcDsion 
or  contraction  of  particular  sides  of  the  figure,  each 
kiikd  of  substance  may  really  appear  under  many 
different  forms,  connected  with  each  other  by  cer- 
tain geometrical  relations.  These  may  be  conceived 
by  considering  a  certain  fundamental  form  to  be 
cut  into  new  forms  in  particular  uays.  Thus  if  we 
take  a  cube,  and  cut  off  all  the  eight  comers,  till 
the  original  faces  disappear,  wn  make  it  an  oetohe- 
dron ;  and  if  we  stop  short  of  this,  we  have  a  figure 
of  fourteeu  faces,  which  has  been  called  a  cnbo-octo- 
hedron.  The  first  person  who  appears  distinctly  to 
have  conceived  this  trnncatlon  of  angles  and  edges. 
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and  to  have  introduced  the  word,  is  D^iueste"; 
although  Wallerius"  bad  already  said,  in  speaking 
of  the  various  crystalline  fomis  of  oalcspar,  "I  con- 
ceive it  would  be  better  not  to  attend  to  all  differ- 
ences, lest  we  be  overwhelmed  by  the  numher." 
And  Werner,  in  his  celebrated  work  On  the  Eivter- 
nal  Chararlet's  of  Minerals'^,  had  forinally  spoken 
of  inincation^  atuation^  and  acuininatton^  or  re- 
placement by  a  plane,  an  edge,  a  point,  respectively, 
{abglirjnp/nn<j,  zii^chiir/ung^  zw^ntzujig,)  as  ways 
in  which  tho  forms  of  crystals  arc  raojified  and 
often  disguised.  Ele  applied  this  process  in  par- 
ticular to  show  the  connexion  of  the  various  forms 
.  which  are  related  to  the  culie.  But  Htill  the  cxten- 
^Hon  of  the  process  to  the  whole  range  of  minerals 
^and  other  crystalline  bodies,  was  due  to  Rome  de 
Little. 

"  Syttrma  MtHfratogicum,  l772-«^i  '■  H3- 

"  uiprig,  }m. 
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Epoch  of  Rome  de  Lisle  AyD  Haut- — Establi 
iiENT  OF  TiiE  Fixity  of  Crystalline  Angles, 
AND  THE  Simplicity  of  the  Laws  of  Deriva- 
tion, 

WK  have  already  seen  that,  hcforc  1780,  several 
mine ra Legists  bad  recognized  the  coostauc^  of 
the  angles  of  crystals,  and  had  seen  (as  Demeste  aud 
Wenior.)  that  the  forms  were  sulijoct  to  niodlfica- 
tions  of  a  dc^finitc  kind.  Hut  neither  of  these  two 
thoughts  was  so  apprehended  and  so  developed,  as  to 
supersede  the  occasion  for  a  discoverer  who  should 
put  forward  these  principles  as  what  they  really 
werOj  the  materials  of  a  new  and  complete  seience. 
The  merit  of  this  stop  belongs  jointly  to  \\om6  de 
Lisle  and  to  llaiiy.  The  former  of  these  two  men 
had  already,  in  1T72,  published  an  Es-'^fti  th'^  CrisUU- 
itMfrffpkir.%  iiL  wliieh  he  had  deseribcd  a  number  of 
crystals.  But  in  this  work  his  views  are  still  rude 
and  v^ue;  he  does  not  establish  any  connected 
sef|uence  of  transitions  in  each  kind  of  Euhstance, 
and  lays  little  or  no  stress  on  the  angles.  But  in 
1793^  his  idca?^'  had  reached  a  maturity  which,  by 
comparison^  excites  our  admiration.  In  this  he  as- 
serts, in  the  most  distinct  mauDor,  the  intarlabitU^ 

'  Critiailo^rnphie,  on  Description  de  Forma  propfcs  ti  tout 
Ut  Corpt  liu  liignc  Mineral.     3  vula.  and  1  vol.  uf  pLuicb 
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of  the  angles  of  crystals  of  each  kind,  under  all  the 
changes  of  relative  dimension  which  tbe  faces  may 
undergo*;  and  he  points  out  that  this  invariabilitv 
applies  only  to  the  j/n//ii fire  form  ft,  from  each  of 
wh^ch  many  seconJary  forms  are  derived  by  various 
chai^s^  Thus  we  cannet  deny  him  the  merit  of 
having  taken  steady  hold  od  both  the  bandies  of 
this  discovery,  though  something  still  r^nimned  for 
another  to  do,  Rom^  pursues  his  general  ideas 
Into  detail  with  great  labom*  and  skilL  He  gives 
drawings  of  more  than  five  hundred  regular  forms; 
(iu  his  tirjit  wiirk  he  had  inserted  only  one  hundred 
aod  ten;  jLinnieus  only  knew  forty;)  and  assigns 
Uiem  to  their  proper  substances ;  for  instanee,  thirty 
to  calcsjiar,  anj  sixteen  to  fels[tar.  He  also  invented 
and  used  a  goniometjir.  We  cannot  doubt  that  he 
would  have  been  looked  upon  as  a  great  discoverer, 
if  his  fame  had  not  been  dimmed  by  the  more  bril^ 
liaut  success  of  his  eonteni^mrary  Hai'iy. 

llen^ust  Hai'iy  is  rightly  looked  upon  as  the 
founder  of  the  modem  scliool  of  crystallo^fraphy ; 
for  all  those  ttho  have,  fiineo  him,  pursued  the  study 
with  success,  have  taken  his  views  for  tlieir  basis. 
Besides  publishing  a  fiystem  of  crystallography  and 
of  mineralogy,  lar  more  complete  than  any  which 
had  yet  afipeared,  the  peculiar  stejjs  in  the  advimco 
which  belong  to  him  are,  the  discovery  uf  the  im- 
portance oi  cl€araif'.\  and  the  consequent  expression 
of  the  laws  of  deviation  of  secondary  from  prunary 
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forms,  by  means  of  the  d^creinents  of  the  successive 
layers  of  iitlffz/rara  molecules. 

The  latter  of  these  discoveries  liad  already  been, 
in  some  measure,  anticipated  by  Bergman,  who  had* 
in  1773,  conceived  a  hexagonal  prism  to  be  built  up 
by  the  juxta-position  of  solid  rhombs  on  the  planes 
of  a  rhombic  nucleus*.  It  is  not  cleat*  whether 
Haiiy  was  aei^ualnted  with  Bergman's  Memoir,  at 
the  time  when  the  cleavage  of  a  hexagonal  prism  of 
calcspar,  accidentally  obtained,  led  him  to  the  same 
conception  of  its  Btructure.  But  however  this  might 
be,  he  bad  the  indisp*jtable  credit  of  following  out 
this  conception  with  all  tlie  vigour  of  originality, 
and  with  the  most  laborious  and  persevering  caraest- 
ness  1  indeed  he  made  it  the  business  of  his  life.  The 
hypothesiaofasolid,  built  up  of  small  solids,  had  this 
peculiar  advantage  in  reference  to  crystallography ; 
it  rendered  a  reason  of  this  curious  fact ;— that  & 
certain  sericK  of  forms  occur  in  crystals  of  the  aamc 
kind,  while  other  forms,  apparently  intermediate 
between  those  which  actually  occur,  arc  rigorously 
excluded.  The  doctrine  of  decrements  explained 
iJiis;  for  by  placing  a  muiil>cr  of  regularly-decreas- 
ing rows  of  equal  solids,  as,  for  instance,  of  bricks, 
upon  oue  another,  we  might  form  a  regular  equal- 
sided  triangle,  as  the  gable  of  a  house;  and  if  tho 
breadth  of  the  gable  were  one  hundred  bricks^  the 

*  De  Formis  Ctystrdhntm.  Nov.  Act.  Keg.  Soc.  Sc,  Upi, 
1773- 
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hcitfht  of  ihe  triaagle  might  bo  one  bimdrod,  or 
6fty,  or  twenty-five;  but  it  would  be  found  that  if 
the  height  wore  an  uiternn^diatt  iiumlier,  as  tifly- 
sevcn,  or  forty-three,  the  odge  of  the  wall  would 
bpcorae  irregular;  and  such  irregularity  h  assumoil 
to  be  inadmissible  tu  the  regular  structure  of  crya- 
tals-  Thus  this  mi>de  of  conceiving  crystals  allows 
of  certain  dt^fiuite  secondary  forms,  and  ro  others. 

The  mathematical  deduction  of  the  dimensions 
ftnd  proportions  of  these  secondary  forms; — the 
invention  of  a  notation  to  express  tltemj — the  ex- 
amination of  the  whole  mineral  kingdom  in  accord- 
ance with  these  views; — the  production  of  a  work*^ 
in  which  they  are  esplaiued  with  singular  clearness 
and  ylTacity; — are  services  by  which  llaiiy  richly 
earned  the  admiration  which  has  bcon  bestowed 
upon  him.  The  wonderful  copiousness  and  variety  of 
the  forms  and  laws  to  which  he  was  led,  thoroughly 
exercised  and  nourished  the  spirit  of  deduction 
and  calculation  which  his  dtscoveriesexeited  In  him. 
The  reader  may  ftjrm  some  conception  of  the  extent 
of  his  labours,  by  being  told^that  the  mere  geo- 
metrical propositions  which  he  found  it  necessary 
to  premise  to  his  special  dcstriptiona,  occupy  a 
Tolume  and  a  hall'  of  his  work  ;^that  his  diagram*! 
arc  nearly  a  thousand  in  numlx-r: — that  in  one 
single  substance  (calcs|)ar)  he  has  described  forty- 
aeven  varieties  of  form: — and  tliat  he  has  deacribcil 
one  kind  of  crystjil  (called  by  him  /t'r  sitffitre  prr- 

'    Traileiif  M'i'^e^afofif,]m}.Ci\<^f^ 
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niUt'fiffut')  uhidi  has  one  hundrpd  an<J  thirtj-foi^r 
fiicos. 

In  the  course  of  a  long  lite,  he  examineil,  u'itli 
considerable  care,  all  the  fonns  ho  could  procure 
of  all  khids  of  mineraJ;  and  the  interjirctation  which 
he  gave  of  the  laws  of  tboso  Forms  was,  in  mtmy 
cases,  fixcil,  hy  means  of  a  nnrae  applied  to  the 
mineral  in  whieh  the  form  occurred:  thus,  he  intro- 
duced such  names  as  eqnta^a^  met(t£Mhpte,  ff/ii- 
tnnnlnu  pvri.hea:nhhln\  hisaUt-nie.  and  others.  It 
is  not  now  desirable  to  aj>ply  separate  names  to  the 
different  forms  of  the  same  mineral  species,  but 
these  terms  answered  the  purpose,  at  the  time,  of 
niakins  the  hubjfets  of  study  more  dclinite.  A 
symbolical  notation  in  the  niitre  convenient  mode 
of  designating  such  forms,  and  such  a  notation 
Haiiy  invented;  but  the  symbols  devised  by  him  had 
many  i neon  van ienees,  and  have  since  been  super- 
s^ed  by  tho  syatH^ms  ot'<ither  t^mtallop^aphers. 

Another  of  Haiiy's  leading  merits  was,  a^  we 
have  already  intimated,  to  have  shown,  more  clearly 
than  his  predecessors  had  done,  tliat  the  erystallirie 
angles  of  substJiiieea  arc  a  criterion  of  the  sub- 
stances; and  that  this  Is  peculiarly  true  of  tbv 
an<}les  <^  dettm^e; — that  is,  the  angles  of  thoM.- 
edges  which  arc  obtained  by  cleaving  a  crystal  in 
two  different  direetions ; — a  mode  of  division  which 
the  structure  of  many  kinds  of  crystals  allowed  bim 
to  execute  in  the  most  complete  manner.  As  an 
instance  of  the  employment  of  this  criterion,  1  may 
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montion  his  8e}mration  of  the  sulphates  of  baryta 
and  of  strontia,  which  had  previously  been  con- 
founded. Among  cryfitals  n1iic:li  in  the  colleetEons 
were  ranked  together  a:^  **hcavy  spar,'' and  which 
were  so  pcriect  an  to  admit  -jf  accuratp  mcasurts 
ment,  he  found  that  those  which  were  brought 
from  Sicily,  and  those  of  Derbyshire,  differed  in 
their  cleavage  aJigle  by  throe  degrees  and  a  half. 
"1  tould  not  suppose,"  he  says',  "that  this  dif- 
ference was  the  effect  of  any  law  of  decrement; 
for  it  would  have  been  necessary  to  suppose  so 
rapid  aud  complex  a  law,  that  such  an  hypothesis 
miglit  have  been  juatly  regarded  as  an  abuse  of  the 
theorj'/'  He  was,  therefore,  in  great  perplexity. 
But  a  little  while  previous  to  this,  Klaproth  had  dis- 
covered that  there  is  an  earth  which,  though  in 
many  respects  it  resemblca  baryta,  la  ditlercnt  from 
it  in  other  respects;  and  this  earth,  from  the  place 
where  it  w^as  found  (in  Scotland),  had  been  named 
Strofttiti,  T!ie  Freneh  chemists  had  awcrtained 
that  the  two  earths  had,  in  KOinc  wises,  t>een  mixed 
or  coulbunded;  and  Vauquelin,  on  examining  the 
Sicilian  crystals,  found  that  their  base  was  strontia, 
and  not,  as  in  the  Derbyshire  ones,  baryta.  The 
riddle  waf>  now  rca^l;  all  tlio  crystals  with  the 
Urgrr  angle  belonged  to  the  one,  all  those  with  the 
smaller.  t*i  the  other,  of  these  two  sulphates;  and 
crystal loiuetry  was  clearly  reeogLiiu^d  as  an  authu- 
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riaed   ttst  of  the  (liffiri^nco  of  substuncea   wliioh 
nearly  resemble  each  other. 

Enough  has  been  said,  probably,  to  enable  the 
reader  to  judge  how  much  each  of  the  two  persons, 
now  under  review,  contributed  to  crystal  I  o^aphv, 
It  would  be  unwise  to  compejc  such  contributions 
to  wicnco  with  thc^  ^oat  riiscnvcrics  of  nstronomy 
and  chemistry;  and  we  have  seen  how  nearly  the 
predecessors  of  Rom^  and  Haiiy  had  reached  the 
pobit  of  knowledffij  on  which  tlirsu  two  crjsUtllo- 
graphrrs  took  thnir  stand.  Hut  yet  it  is  impossible 
not  to  allow,  that  in  these  discoveries,  which  thus 
gave  form  and  substance  to  the  science  of  crystal- 
lography, we  have  a  manil'estation  of  no  common 
sagacity  and  skill.  Hcrc\  as  in  other  discoveries, 
were  required  ideas  and  facts ; — clearness  of  geo- 
metrical  conception  which  could  deal  with  the  most 
complex  relations  of  form;  a  minute  and  extensive 
acquaintance  with  actual  crystal ;  and  the  talent 
and  habit  of  rcft-rring  thi^c  facts  to  the  general 
ideas.  Haiiy^  in  particular,  was  happily  endoweti 
for  his  task.  Without  being  a  great  mathematician, 
ho  wiLR  suJlicieutly  a  geornctor  to  solve  all  tlie  pro- 
blems which  his  undertaking  demanded ;  and  though 
the  mathematical  reasoning  might  have  been  made 
more  compendious,  by  one  who  was  more  at  homi? 
in  mathematical  generalization,  probably  this  could 
hardly  have  been  done  without  making  the  subject 
less  accessible  and  less  attractive  to  persons  mode- 
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rately  disoiplinoil  hi  iiiathomatica.  In  all  his  rca- 
soriiuga  upon  particular  cases,  Haiiy  is  aoute  and 
<*loar;  while  hia  general  views  appear  to  be  sug- 
gosled  rather  by  a  lively  hucy  than  by  a  saj^e  induc- 
tive spirit:  and  thoug-h  he  tbui^  tiiis^ea  the  cliaracter 
of  a  great  philosopher,  the  vivaeitj  of  style,  and 
felicity  and  happiness  of  illustration,  which  grace 
his  book,  and  which  agree  well  with  the  character 
of  an  Ah\t6  of  the  old  French  monarcliy,  iiiul  a 
gnat  and  useful  influence  on  the  progress  of  the 
sulyect. 

UufortunaMy  Roin^  de  Lisle  aud  Ilaiiy  were 
nut  only  rivabi.  hut  in  some  measure  enemies.  The 
former  might  naturally  feel  some  vexation  at  find- 
ing himself,  in  his  later  years  (he  died  in  1790), 
thrown  into  shade  by  bis  more  brilliant  successor. 
In  nilerrnco  to  Haiiy's  use  of  ch^avage,  he  spt^ake* 
of  *■  innovators  in  crj'stallography,  who  may  pro- 
perly be  called  crfjfttifhcfasts"  Yet  he  aJopted,  in 
great  measure,  the  same  views  of  the  formation 
of  eryii^ls  by  lamina",  which  Haiiy  illustrateiJ  by 
the  destructive  process  at  which  ho  thus  sneera 
His  scusitiveness  was  kept  alive  by  the  conduct  of 
the  Ai^cmy  *jf  Sciences,  which  took  no  notice  of 
him  and  his  labours^";  probably  because  it  was  led 
Ly  Hufliin^  who  disliked  Linmeus,  and  niigHt  dislike 
llomt^  as  his  follower;  and  who,  as  we  have  seen, 
despised  crystallo^Taphy.     Haiiy  revenged  himself 
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by  rarolv  mentioning  UoiiK^  in  his  works,  though 
it  was  manifest  that  his  ohligations  to  him  were 
immmjw;  and  by  recording  liis  crroura  while  he 
corrected  them.  More  fortunate  than  his  rivjil, 
Haiiy  was,  from  the  first,  received  with  favour  ami 
applause.  Ilis  lectures  at  Paris  were  eagerly  !is- 
teued  to  by  persons  from  aW  -juarters  of  the  world. 
FTis  views  were,  in  this  maoiier,  speedily  dift'usod; 
and  the  subject  was  soon  pursued,  in  various  ways, 
by  matheniaticiaTis  aud  miueralogists  iu  every 
country  of  Europe. 
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CIIAPTEU  111. 
Uec'eption  ani>  Cohhections  ok  the  Hau'jan 

C  It  Y3T  A  LU}(iR\  ru  Y. 

IHAVK  not  hitherto  noticed  the  imperfections  of 
the  crista llographic  views  and  methods  of  Hatiy. 
because  my  lusinoss  hi  the  lust  section  was  to  mark 
tfae  pemmuent  aJtlitions  he  made  to  the  science. 
His  system  did,  however,  require  completion  and 
reclificittion  in  vaxious  points;  and  in  sjieaking  of 
the  cn^stallo^raphers  of  the  subeeJinent  time,  who 
may  all  he  considered  :i,s  the  cultivators  of  thi* 
HauVan  doctrines,  we  must  also  consider  what  tlicy 
did  in  correcting  them. 

The  three  maju  points  in  whldi  tliis  improve- 
ment was  needed  were; — a  Letter  determination  of 
the  crystalline  forms  of  the  special  substances;^ 
a  more  general  and  less  arbitrary  method  of  con- 
sidering crystaUine  fonns  ai^eordip^'  to  their  syiii- 
niclry; — and  a  detection  of  more  general  conditions 
by  which  the  crystalline  angle  is  regulated.  The 
first  of  theao  processes  may  be  considered  as  the 
Datura]  sequel  of  the  llauian  epoch  :  the  other  two 
must  be  treated  as  separate  stepn  of  discovery. 

When  it  appearc<l  that  the  an^le  of  natural  ur 
of  cleavage  faces  could  be  used  to  determine  the 
differences  of  minerals^  it  became  important  to 
measure  this  angle  with  accuracy,     [[aiiys  mca- 
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Burementfi  were  found  very  inaccurate  by  many  suc- 
oueding  crvstallogriiphera;  Moha  jaijs^  that  tht^y  are 
so  generally  inaccurate,  that  no  confidence  can  be 
placed  in  them.  This  was  said,  of  course,  according 
to  the  more  rigorous  notions  of  accuracy  to  'v^itich 
the  establish  me  [it  of  Haiiy's  system  led.  Among 
the  persons  who  principally  laboured  in  ascertaiit- 
ing,  with  precision,  the  crystalline  angles  of  mine- 
rals, were  several  Ruglishmeu,  especially  WollaJ^ton, 
Phillipa,  and  Brooke.  Wollaston,  by  the  invention 
of  his  Reflecting  Goniometer,  placed  an  entirely 
new  de^ce  of  accuracy  witliin  the  reach  of  the 
crystal  I  ogrdpl  1  cr ;  the  nn^h  of  two  faces  being,  in 
this  instrument,  mefl.sured  by  means  of  the  reflected 
images  of  bright  objects  seen  in  them,  so  that  the 
measure  is  the  more  accurate  the  more  miitute  the 
faces  are.  In  the  use  of  this  iuF^trument^  no  one 
was  more  laborious  and  successful  than  William 
Phillips,  whose  power  of  apprehending  the  most 
complex  forms  with  steadiness  and  clearness,  led 
Wollaston  to  ^^ay  that  he  had  "  a  gcomptriral  sonse-" 
Phi]lii>s  publisibed  a  Treatise  on  Mineruk^,  con- 
taining a  great  collection  of  such  determinatioDs; 
and  Mr.  Brooke,  a  crystallographer  of  the  same 
exact  and  careful  scboirl,  has  also  published  several 
works  of  the  same  kind.  The  precise  measurement 
of  crystalline  angles  must  be  the  familiar  employ- 
ment of  all  \\ho  study  crystallography;  and,  there- 
fore, any  further  enumeration  of  tho8c   who  have 
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added,  in  this  way,  lo  the  stock  of  knowledge,  would 
be  sup<^rfiuous. 

Nor  need  I  dwell  long  on  those  who  iuldcd  to 
the  knowledge  whifh  Unity  left,  of  derived  furma. 
The  most  remarkable  work  of  this  kind  was  that  of 
Count  Boumon,  who  published  a  work  on  a  single 
mineral  (eaJcipar)  In  three  <^uarto  volumes-.  He 
has  ht?re  given  representations  of  seven  hundred 
forms  of  crystals,  of  which,  however,  only  tifty-six 
are  essentiaUy  different.  From  this  example  the 
reader  m^iy  judge  what  a  length  of  time,  and  what 
a  nuinl»er  of  obsen'ers  and  calculators,  were  re- 
quisite to  e:chaust  the  subject. 

If  the  calculations,  thus  occasioned,  had  been 
conducted  upon  the  hn^is  of  llaiiy's  system,  without 
any  ftirther  generalization,  they  would  have  belonged 
to  tliat  process,  the  natural  sequel  of  inductive  dis- 
coveries, which  we  call  induction:  and  would  have 
needed  only  a  very  brief  notice  here.  Dut  some 
additicntal  step^  were  ntade  in  the  upward  road  to 
ticicntilie  truth,  and  of  these  we  must  now  give  an 
account 

*  TralU  CiiPtplrl  dc  la  Chnnx  Carf/onulce  et  tTArugoniley  pw 
H.  h}  Cumto  d[^  Boumon.     LondoiL,  1B08. 
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EaTAIiLlailMEST  OF  THE  DiaTlXCTION  OF  SySTEAM  OF 

CKV&TALLrzATroN. — Wkiss  ani>  Minra. 


IN  Hailv's  ^'icws.  as  generally  hftppons  in  new  sys- 
letiis,  however  true,  th^ve  was  involved  some- 
thing that  was  arbitrary,  i^omethitig  tliat  wa^  &lso 
or  doubtful,  and  Rimething  that  wa^^  unnecessarily 
limited.  The  principal  points  of  this  kind  were; — 
his  having  made  the  laws  of  crystalline  derivation 
depend  so  much  upon  cleavage ;— his  having  as- 
sumed an  atxmiic  constitution  of  bodies  as  an  essen- 
tial part  of  hifi  system ; — and  his  having  taken  a 
set  of  priiaary  forms,  which,  being  selected  by  no 
general  view,  were  partly  superfluous,  and  partly 
defective. 

How  far  evidence,  snch  as  has  been  referred  to 
by  vario'uB  philosojihers,  has  proved,  or  can  prove, 
that  bodit^s  are  ennslituted  of  iudi visible  atoms,  will 
benjore  fully  exami»e<l  in  the  work  which  treats  of 
the  Philoso])by  of  this  subject.  There  can  be  little 
doubt  that  the  portion  of  Uaiiy's  doctrine  which 
mo»t  riveted  popular  attention  and  applause,  was 
hia  dissection  of  crystals,  in  a  mannei"  which  was 
supposed  to  lead  actually  to  their  ultimate  niaterial 
clomeutB.  Vet  it  is  clear,  that  since  the  solids 
^iven  by  cleavage  arc,  in  many  rases,  such  as  cannot 
make  up  a  solid  space,  the  primary  conception,   of 
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:l  noppssary  ^:cfJrnctrirQ.I  idontity  hetwoen  the  rosults 
of  divlsiciTi  ami  the  ek'Tnents  of  compoaitioiT,  which 
is  the  sole  foundation  of  the  supposition  that  cry- 
slallogrraphy  points  out  the  actual  elements,  disap- 
pears on  being  scrutinixed:  and  when  Hai'iy.  pressed 
by  this  difficulty,  aa  in  the  case  of  fluor-spar,  put 
his  integrant  octohedral  molecules  together,  touch- 
ing by  the  edj^s  only,  bis  method  became  an  empty 
geometrical  diaj^am,  with  no  physical  meatiing. 

The  rejil  fact,  divested  of  the  hypothesis  which 
was  contained  in  the  fiction  of  decrements,  was, 
that  when  the  relation  of  the  derivative  to  the 
primary  faces  is  L-xpressed  hy  nu-ans  of  numerical 
indices,  lliese  iinnd«?rH  an:  ititegt^rs,  and  generally 
very  small  ones;  and  thi?  was  the  form  which  the 
law  gradually  assumed,  as  the  method  of  derivation 
waA  made  more  general  and  simple  hy  Weiss  and 
others. 

-When,  in  If^09.  I  published  my  Dissertation,'' 
says  Weiss',  "1  shared  the  common  opinion  as  to 
the  necessity  of  th*^  jisj^umptitm  and  the  reality  of 
the  existence  i>f'n  primitivt*  form,  at  least  in  a  sense 
not  very  different  from  the  usual  sense  of  the  ex- 
pression. While  I  sought/*  he  adds,  referring  to 
cvrtain  doctrines  of  general  philosophy  which  he 
anil  others  entertained,  "a  dtfTiavi/vrt/  gromid  for 
this,  instead  of  the  untenable  atomistic  view,  I  found 
that,  out  of  my  primitive  forms,  there  was  gra- 
dually  unfolded    to  my  hands,  tliat    wJiicli   really 

*  Msm,  At:ad.  Bcri.  IBKf,  j,,  mi. 
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governs  tliem,  aurl  is  not  affected  by  their  oasua 

fluctuations,  the  fitudameutul  rolatioDs  of  those 
DiniensioQs  according  to  which  a  multiplicit/  of  in- 
terixal  oppoHitiou^^  ni^ceksarily  and  mutually  intez^ 
dcpcndt'ut,  are  developed  in  the  maes,  each  liaving 
its  own  polarity;  so  that  the  crystalline  clmracter 
\s  co-extensive  with  these  polarities/' 

The  "Dimensions"  of  which  Weiss  here  speaks, 
are  the  Aj-ttf  if/  ST/rnvw-li'T/  of  the  crj'stal ;  that  is, 
those  lines,  in  reference  to  which,  every  face  is  H 
accompanied  by  other  faces,  having  like  positions 
and  properties.  Tlius  a  rhomb,  or  more  properly 
A  rinmtbohfMlt'oii\  tff  eale-sjiar  may  be  placed 
with  one  of  its  obtuse  eorners  upjK'rmor^t,  bo  that 
all  the  three  faces  which  meet  there  are  equally 
inclined  to  the  vertical  line.  In  this  position,  every 
derivative  face,  which  is  obtaiiieii  by  any  modiJica- 
tion  of  the  faces  or  cd^cs  of  Ihc  rhonibohedron, 
iraplies  either  three  or  six  such  derivative  faces; 
for  nil  one  of  the  three  upper  faces  of  the  rbom- 
bohcdron  has  any  charactor  or  property  dttterent 
fixim  the  other  two;  and,  therefore,  there  is  no 
reason  for  the  existence  of  a  derivative  from  one 
of  these  primitive  faces,  which  does  not  equally 
hold  for  the  other  primitive  faces.  Htnce  the  deri- 
vative forms  will,  rn  all  cases,  contain  none  but 
feces  connected  by  this  kind  of  correspondence. 
The  axis  thus  made  vertical  will  be  an  Axis  of 

■  \  II*'  thip  ntaoK  fiir  thfi  *>lid  tigur^  since  rhttmh  haa  nlwiya 
Iwcn  UHed  for  a  pbnr  Ri(iiTf>, 
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SyTOiiietrj.  and  the  crjRtal  will  consist  of  three  dlvi- 
sons,  ranged  round  this  iixis,  and  exactly  resooLbling 
each  other.  According  to  Weiss's  nomenclature, 
such  a  crystal  is  "three-and-lhree-membeTed." 

BiU  this  is  only  one  of  the  kinds  of  symnietry 
fhich  cryj^talllnr  forms  may  exhibit.  Thry  may 
have  thrt^'  irreti  of  complete  and  fv/wf/  symnu'try  at 
right  angles  to  each  other,  as  the  cube  and  the 
regular  octohedron; — or,  tico  {u:es  of  equal  sym- 
metry, perpendicidar  to  each  other  and  to  a  third 
*tTT>,  which  is  not  affected  n-ith  the  same  wjinmetry 
with  which  they  are;  such  a  figure  is  a  s<]uare 
pjramidi — or  they  may  have  ihrfe  rectanpfular  ff j't^e, 
all  of  wff^//w«^  symmetry,  tho  mod iJi cations  referring 
to  each  axis  srp-iratcly  from  the  other  two. 

These  are  essentiRl  and  necessary  distinctions  of 
crystalline  form  ;  and  the  introduction  of  a  classifi- 
calioTi  of  forms  founded  on  auch  relations,  or  as 
tJioy  \viTe  calh^d,  Sfii<hiim  of  CrJUftiiUitatnifi.^  was  a 
great  improvement  upon  the  divisions  of  the  earlier 
crystal  I  ographers,  for  those  divisions  were  eeparated 
according  to  certain  arbitrartly-aseunmd  [iriiuary 
fomif*.  Thu^i  Komi^  de  Lisle's  fundamental  forms 
were,  the  tetrahedron^  the  cube,  the  octohedron,  the 
rhombic  prism,  the  rhombic  octohedron.  the  dode- 
cahedron with  triangular  faces:  IJauy's  primary 
forms  an?  the  cube*  the  rhombohedron,  the  oblique 
rhombic  prism,  the  right  rhombic  prism,  the  rhombic 
dodecahedron,  the  regular  octohedron,  tetrahedron. 
and  Kix-sided  pnsjn,  and  the  bipyranildal  dodeca- 
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hedron.  This  diviBion.  as  I  have  alroaijj'  said,  errs 
both  by  excess  and  delect,  for  some  of  these  primary 
forms  might  be  made  derivatives  from  others;  and 
no  solid  reason  could  he  assigned  why  they  were 
not*  Tlias  the  cube  may  be  derived  from  the  tetra- 
hedron, by  truncating  tht  edges;  and  the  rhombic 
dodecahedron  again  from  the  cube,  by  tnincating 
its  edges;  while  tlie  square  pyramid  could  not  be 
legitimately  identified  with  the  derivatiye  of  uiy 
of  theae  forms;  for  if  we  were  to  derive  it  from  the 
rhombic  prism,  why  should  the  acnte  angles  always 
sufter  decrements  corresi»ondiiig  in  a  certain  way 
to  those  of  the  obtuse  angles,  as  they  must  do  in 
order  to  give  tisu  to  a  ftqnare  jtyramid? 

The  introduction  of  the  method  of  refereneo  to 
Systems  of  Crj'stalli nation  has  l)een  a- subject  of 
controversy,  some  ascribing  this  valuable  step  to 
WeisSj  and  some  to  Mohs\  It  appears,  I  think, 
on  the  whole,  that  Weiss  first  publbbed  works  in 
which  the  method  is  employed;  but  that  Mohs.  by 
aj^plying  it  to  all  the  known  species  of  mineral 
has  had  the  merit  of  making  it  the  basis  uf  real ! 
crystallography,  Weisa,  in  1801),  published  a  Dis- 
sertation On  the  nwdf  of  inntstntating  the  princi- 
pal ffeoinfiriral  r/taracier  of  ^ntstallins  forms,  in 
which  he  say^',  "No  part,  line,  or  quantity,  la  au 
important  as  the  axis;  no  consideration  is  more 
essential  or  of  a  higher  order  than  the  relation  of 

'  Edin.  Phit.  Trnn*^  1893,  vuJb.  iv.  tmA  ivi-  1 
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a  ciystallinc  ulano  to  tht^  axis;"  and  agiiim  "An 

axis  is  any  line  governing  the  ligfiire.  about  which 

all  |iart»  are  ^miUrly  dispoeed,  and  with  referenc? 

to  which  th^y  correspon<l  uiutually."     This  he  soon 

roHowcd  out  by  c\amt Elation  of  f^ome  dit^cult  ca£c% 

as  Fdsimr  and  Epidote.     In  the  Memoirs  of  the 

BltLq    Academy^   for    1^14-5,    ho   published  An 

Ej^hihii'ton  o/^  iJin  iui(ur(d  Ih'rhiojuf  of  S^/atejtftf  ttf 

Cr^!ft/tfihiilio7L     In  this  Mrinoir,  his  divisions  are 

us  follows:— The  regular  system,  ^^  four~mem- 

hrt^it   tbe   t/ctMiml-tmi-mf'vibm'rd,  the    ihi'ee-aiid- 

Uii'ei^iiU'inht^rt'd.  and  some  others  of  inferior  (li'grpps 

of  symmetry.     These  divisions  arc  l\v  Molis  {Ot'i' 

(iucit  </  Minertil^jy.   1822.)  termed  the  tessidar, 

ypra/nidaK  ffi-i^vuttli\  and   rho^mhohedral  systems 

^^bcfipectlvely.     Hansmann,  in  his  Inti'Mitjtitioii.s  coTi- 

C4^rnifiij  the  Forms  of  iniiniwad'  Nnfure\  makes  a 

nearly  correspondiDg  arrangeraent ; — the  i»07tii*lrii'^ 

tnoiuidimt'fyk^  trimetric^  and  nwnotrimctric :   and 

eme  or  othtr  of  these  sets  of  terras  have  been  adopted 

liy  most  siiL'ecc^diujp  writers. 

Id  order  to  make  the  distinctions  more  appa- 
rent, I  havt!  purposely  omitted  to  s|*r'ak  of  the 
sy&tema  which  arLse  when  the  /frmmlir  system 
lusea  some  part  of  its  symmetry; — whE.'u  it  has  only 
half  or  a  'quarter  its  complete  number  of  faces; — 
or.  according  to  Mohs^s  phraseology',  when  it  is 
kifmiJu-dnil  or  teturlahtihaL      Sucli   systc-ms  are 

*  Kdinb.  Phil.  Tfuw.  IB23,  vuk  jiv  anO  xs\.  pp.  30ft^-3.Sff. 
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represented  b^  the  sin^ljMjblique  or  doubly-oLlique 
prieni;  they  are  termed  by  WeiKS  two-tind-fmr  nwrn- 
berad^  and  tme-ond'-one  membered;  by  other  wri- 
ters, Moiioklwoimtrk,  and  Ti-ikHnom^tric  Systems* 
There  are  also  other  peculiarities  of  SjTnmetry, 
fluch,  for  iijbtancp,  as  that  of  the  phffiltcdral  faces 
of  quartz,  and  other  minerals. 

The  introduction  of  an  arrangemcnl  of  crystal- 
line forms  into  systems,  according  to  their  degree 
of  symmetry,  was  a  stejt  wliich  was  rather  founded 
on  a  distinct  and  comprehensive  perception  of  ma- 
thematical relations,  than  on  an  acquaintance  with 
experimental  facts,  beyond  what  earlier  minera- 
logintft  had  possessed.  This  arrangement  uas,  how- 
ever, remarkalilv  contirnied  by  some  of  the  properties 
of  minerals  which  attracted  notice  about  the  time 
now  spoken  of,  as  we  shall  see  in  the  next  chapter. 
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CHAPTER  V. 

RECtllTION  ANllCONFinWATHJ\  OF  TFIE  DISTINCTION 

OP  Sv&tf:m9  of  Cuystallikatton. 


T~\  If  FUSION  of  (hi-  Distinrihm  of  St/gfi^'nu^.— 
J..^  The  distim'ticiri  of  systems  of  crystalli/ation 
was  so  far  foundDd  on  obviously  true  views,  thai  it 
was  speedily  adopted  Wy  most  mineralogists.  I  need 
not  dwpH  ou  the  steps  by  whicli  this  took  plaee, 
Mr.  Haidingx'rs  trsin  si  nation  of  Mohs  was  a  prinripal 
occasion  of  its  inirodnetiou  in  England.  As  an 
iTuIiration  of  dates,  bearing  on  tbis  subject,  perhaps 
I  may  be  allowed  to  ntJlitT.  lliat  then?  appearinl  in 
the  Pbihfojihiiuii  Tratufiirtjonn  for  1S2d,  A  Gent^^nd 
Mtthifd  ftf  Ciih-nlrtihi'j  the  Aiifjles  f^Crt/stals,  which 
I  had  writteiu  and  in  which  1  referred  only  to 
Hany's  views;  l)ut  that  in  ]?^2fr,  T  published  a 
Memoir  iM/t  t/w  Chu^i^ijiriifioit  of  CrrfuM/fift^  Com- 
hivations.  fouuded  on  the  ra^^thods  of  Weiss  aud 
Mohs,  especially  the?  latter;  with  which  I  had  in  the 
1DC3II  time  hecome  acquainted,  and  which  appeared 
to  me  to  contain  their  own  ovideuce  and  recom- 
mendation. General  methods,  such  as  was  attempted 
Id  the  Memoir  just  quoted,  are  part  of  that  process 
ill  the  history  of  sciences,  by  which,  when  the  prin- 
ciples are  once  estabbshed,  the  mathematical  opeia- 

'   Cainh.  Tram,  xnl  \l  \>.m\. 
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tirm  i»f  licduriii^  thoir  cnnRrqucnrns  is  iHiide  more 
mid  mom  gcncrftl  and  symmetrical :  ft'Jiidi  w(?  have 
seen  already  esein[jlified  in  the  history  of  celestial 
mechanics  after  the  time  of  Newton.  It  does  not 
enter  into  our  plan,  to  dwell  upon  the  various  steps 
in  this  way  made  by  I^vy,  Naumann,  Grassmaii, 
Kupffer,  Hessel,  and  by  Professor  Miller  among  our- 
selves. I  may  notice  that  one  gieat  improvement 
was,  the  method  introdueed  hy  Monteiro  and  Levy, 
of  determining  tlie  laws  of  derivation  of  forces  by 
means  of  the  pai'tifieliama  qf  ed{ie^;  wliicli  was 
afterwards  extended  so  that  faces  were  considered 
as  belonging  to  zoma-:  Nor  need  I  attempt  to 
enumerate  (what  IndiT'il  it  would  be  difKeult  U\ 
deJi^cnbe  in  word.s)  the  various  methods  of  jfoftrtion 
hy  which  it  has  been  proposed  to  represent  the 
faces  of  crystals,  and  to  facilitate  the  ealcuJations 
whirh  have?  reference  to  them  (l), 

Coiijh'tiuitmtt  of  the  Dhllitctmv  of  Sjfift^>^ts  hy 
tJti'  Opticiif  Pi-Qjiertks  of  Mbn'^rah. — Br^imfer- — 
I  must  not  omit  to  notice  the  strlLing  confirmation 
which  the  dislinctioti  of  systems  of  crystal  I  i /at  ion 
received  from  optical  discoveries,  especially  those  of 
Sir  D.  Drewster.  Of  the  history  of  this  very  rich 
and  beautiful  dep;irtment  of  science,  we  have  already 
given  some  account*  in  spealvinE;  of  optipj^<  The  first 
tacts  which  were  noticed,  those  relating  to  double 
refrartion,  belonged  exclusively  to  crystals  of  the 
rhoiiLbidiudral  system.  The  splendid  phenomena  of 
the  rings  and  1einiiiseatc,s  produced  hy  dlpolarizing 
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lIs.  were  afterwards  discolored;  and  these 
in  1S17,  dassifierl  by  Sir  David  Hn^wster, 
acfonlirig  tti  tlic  L'r_vst;illiiie  forms  tu  whldi  they 
lielnn^.  This  class ifi cation,  on  comparison  with  the 
distinction  of  Systems  of  Crystal  I  i/iit  ion.  resolved 
ilself  into  a  necessary  relation  of  mathematical 
symmetry:  all  crystals  of  the  pynimidal  and  rhom- 
ttulirdral  systems,  which  From  their  gt'onietrical 
ciiaractor  have  a  single  axis  of  symmetry,  are  alao 
ujHtcally  uniaxal.  and  produce  by  dipolarization  cir- 
piilar  rings;  while  the  prismatic  system,  which  lia*i 
no  such  single  axis,  bitt  three  imeqnal  axes  of 
tiynimelr>\  is  optically  biaxal.  f^lves  lemniscates  by 
dipolarized  hght,  aiiA  according  to  FrcsneVs  theory, 
lias  three  reetangnlar  axes  of  iiTie(|iial  elaKtieity. 

Many  other  most  curious  trains  of  research  have 
eonfirmed  the  general  truth,  that  the  degree  and 
kind  of  geometrical  symmetry  corresponds  exactly 
with  the  syninu'try  of  the  optical  pro|)L'r£iE?s.  As 
an  instance  *if  this  cmiufutly  flfcnkiiig  for  its  sin- 
gularity, we  may  noticG  the  discovery  of  Sir  John 
HeiseheL  that  the  plutfihodml  cryslalli/^ticn  of 
quarts,  by  which  it  exiiibits  faces  ImrRtfd  to  the 
ight  or  the  left,  is  aeeompanied  by  right-handed  or 
left-handed  circular  polariTation  respectively.  Nu 
one  jtcquairited  with  the  subject  can  now  doubt. 
that  the  rorn'spondrnci'  or^enmetncal  and  optit-a! 
nymmetry  is  of  the  most  complete  and  tiuidamental 
kind  (M). 
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Thus  the  highest  generalizationB  at  which  ma^ 

thematical  crystallographers  have  yet  arrived,  may 
be  considered  as  fully  established;  and  the  science, 
in  the  condition  in  which  these  place  it,  is  fit 
to  be  employed  as  one  of  the  members  of  mine- 
ralogy, and  thus  to  till  its  appropriate  place  and 
office. 


245 


CHAPTER  VI. 


C4JHRKCTI0V  OF  THE  LaW  OF  Tire  SAME  AXGL£  TOR 

THE  SAAFK  SUDflTA>'CE. 


I 


Y^f^COVERY o/homoi-phism.  mtsrht^lich. 
J_^  — The  discovery  of  which  we  dow  have  to 
Bpeak  umv  uftpear  at  tir^t  }Jght  too  lurgo  to  he 
indudi'd  in  the  history  of  erysiallograplLy,  and  may 
seem  to  belong  rather  to  chemistry.  But  it  is  to  be 
recollected  that  crystal] ograp by.  from  the  time  of  its 
^r^  iissuming  ioiportance  in  the  hands  of  Ilaliy, 
fouiidi'd  Its  claim  to  tiottco  entiroly  upon  its  con- 
Dexion  with  chemistry  ;  crystalline  forms  were  pro- 
perties of  siimi'.thing  ;  but  rrfi*it  that  something  was, 
and  how  it  mi^ht  he  lEiodified  without  becoming 
something  (.'Ise,  no  crystal  I  ognip  her  toidd  venture  to 
decide,  without  the  aid  of  chemical  analysis.  KaOy 
had  a&sumed,  as  the  general  result  of  Ids  researches. 
that  the  sjune  chemical  elements,  combined  in  the 
same  projiortions,  would  always  exhibit  the  same 
crystalline  Fonn ;  and  reciprocally,  that  the  same 
form  and  angles  [except  in  the  obvious  case  of  tlie 
tcs£ular  system,  in  which  the  angles  are  determined 
by  it'^  U'iui/  tliu  tettfular  system,)  iiu|died  the  same 
chemical  conatitutimi.  But  this  dogma  could  only 
be  considered  as  an  appro-vhnale  conjecture;  for 
there  were  many  glaring  and  unexplained  exeep- 
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tions  to  it  The  ex|>la»ation  uf  several  of  these  vns 
heuutii'uHy  ilt^scribril  by  tlic  discoverv  that  thtrro  arp 
various  elements  which  are  homo-rphou^  to  each 
other-  that  is,  such  that  one  mny  take  the  place 
of  another  without  altering  the  crystalline  form; 
and  thuH  the?  chemical  rompu^ition  tniiy  he  niucli 
changed,  while  the  crystallographic  pharacter  is 
undistnrbed. 

This  truth  had  been  cauffht  si^ht  oil  probablv  a^ 
a  guess  only>  hy  Fudis  as  cJirly  as  IHl.^,  In  sijcak- 
ing  of  a  mineral  which  had  hc^en  called  Gehlenitp. 
he  sa_ys,  "  I  hold  the  oxide  of  iron,  not  for  an  essen- 
tial coTn]ionent  part  of  this  genus,  but  only  as  a 
rivariimH  r'lcmeiit,  replacing  so  much  lime.  We 
shall  find  it  necessary  to  consider  the  results  nf 
several  analyses  of  mineral  bodies  in  this  point  of 
wew,  if  we  wijiih,  on  the  one  hand,  to  brhip  them 
into  agreement  with  the  doctrin**  of  ehfTmical  pro- 
portLonSf  and  on  the  other,  to  avoid  unnecessarily 
splitting  up  genera."  In  a  lecture  Oii  th*i  Mutwd 
Ivflum^e  of  Ciiinmstnf  mtd  MinL'rato<f!f\  he  a^in 
draws  attention  tit  his  term  rli^nmis  [vrctrrirentie,) 
which  undoubtedly  expresses  the  nature  of  the 
general  law  afterwards  established  by  Mitsoherlich 
in  1822  (N). 

But  Fuchs's  conjectural  expression  was  only  a 
prelude  to  Mitscherlieh's  experimental  discovery  of 
isomorphism-  Till  many  careful  analyses  had  given 
tiubstauce   and  slgnifieatioii  tct  tbiR  eonceptinn    of 

'  Munich.  IIQII. 
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vicarious  elements,  it  was  '>f  small  value.  PerhapB 
no  <ine  was  morL-  cajiablc  Lima  Beriielius  of  turn- 
ing to  the  best  advauta^'  any  ideas  which  were 
current  in  the  ohemifal  world;  yet  we  find  him',  in 
1820,  dwelling  upon  a  certuin  vague  view  of  these 

, — that  **  oxides  which  cont^n  equal  doacs  of 
l)acyp;eu  niust  hiive  llinir  general  proj>ertiea  com- 
mon ;"  without  tfiuring  it  t^>  any  drfinile  conclusions. 
But  his  scholar,  Mltsclierlich.  gave  this  proposition 
a  real  crystal lopraphical  import.  Thus  he  found 
that  the  carbonates  of  lirao  (calc-spar,)  of  mag^iesia. 
of  protoxide  of  iron,  and  of  protoxide  of  niauganeae, 
in  many  respects  of  form,  while  the  homolo- 

angles  vary  througli  one  or  two  dt^Tees  only; 

ili  tffan  the  carbonates  of  baryta,  stront'in,  leail,  and 

lime  iarragonite),  agree  nearly;  the  diflerent  kinds 

(of  felspar  vary  only  by  the  substitution  of  one  alkali 

Tor  another;  the  phosphates  are  almost  tdentit^al 

with  tin?  nrsrniates   of  wrv^Tal   basre;.      Tlinse,  and 

stimllar  results,  were  expressed  by  saying  that,  in 

'such  cases,  the  bases,  lime,  protoxide  of  iron,  and 

the  rest,  are  iumtwrphtim;  or  in  the  latter  iELstanra, 

that  the  arsenic  and  phosphoric  Jicids  are  (nomor- 

phous. 

Since,  in  some  of  these  cases,  the  substitution  of 
'one  elcmi'nt  of  the  isomorphous  (^oup  for  another 
<J^>OH  alter  Ihi'  Mngh",  though  slightly,  it  has  since 
l»oen  proposed  to  call  such  )^T<i\x^'^  plet^oworftftom. 

■  Ejktny  on  Mi'  Tfir'tri/  of  Chemicnt  PrnpoHinij/r,  p.  1S2. 
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Tills  discovery  of  iKomor^jhism  was  of  great 
iiii]iurtaii('t\  -.md  fixe\ti}i\  much  iittoiition  ainon^  tlie 
chemists  of  Europe,  The  history  of  its  roeeption, 
however,  belongs,  m  part,  to  the  cla&sitieation  of 
minerals;  for  its  effect  was  immcdiatel^v  to  meta- 
morphoso  the  existing  chemical  systems  of  arraTigc- 
ment.  But  oven  those  rrvHt;illc»graphcrs  and  che- 
mists who  cared  little  for  general  &_vslems  of  clas- 
fiiUcation,  received  a  jKjwerful  impulse  hy  tJie 
espectation,  which  was  now  excited,  of  discovering 
definite  laws  connecting  chemical  constitution  with 
crystalline  form.  Such  investigations  were  Aoon 
carried  mi  with  great  activitv.  Thus  at  a  recent 
period,  Ahicli  jinaly^ed  a  number  of  tcKsular  mi- 
nerals, spindle,  piconaste,  gahuite,  tranklinite.  and 
chromic  iron  osido  i  and  seems  to  have  had  some 
success  in  p;iving  a  common  ty\te  to  their  chemical 
formula\  as  thprc  is  a  common  type  in  their  crjstal- 
iiTation  (o). 

Dtmorpkm/f. — My  businos«  k  to  point  out  the 
eoniiGcttd  truths  whieli  have  l><*on  obtained  hy  phi- 
loaophers,  rather  than  insulated  dirticultics  which 
still  stand  out  to  perplex  them.  1  need  not,  there- 
fore, dwell  on  the  curious  cases  of  dimorphUm : 
cases  in  which  the  aame  deHnite  chemical  com- 
pound of  the  same  eloments  appears  to  liave  two 
different  forns ;  thus  the  carbonate  of  lime  hay  two 
fonuSn  c<tk-s}Hn*  and  armgoitih^  which  belong  to 
different  systems  of  crystallization.    Such  facts  may 
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puzzle  us;  but  they  haull}'  interfere  with  anj  re- 
wivtid  gonoral  truths,  liccause  we  have  as  yd  no 
truths  of  very  high  order  rei^ptcling  the  connexiiin 
of  clicmlcal  constitution  and  crj'staHine  form.  Di- 
morphism does  not  interfere  with  Isoniorpliism;  the 
two  classes  of  facts  staitd  at  the  Bame  stage  of 
induHive  generalisation,  and  we  wait  for  some 
Jijglier  truth,  ^vhich  shall  include  both,  and  rise 
above  theiiL 
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CHAPTER   Vn. 

Attempts  to  Establish  the  Fixity  of  oTirEn 
Physical  PfiOPEariEs. — Werniji. 

TIIK  reflections  from  which  it  appt^reil,  (p,  203 
of  this  volume.)  that  in  order  to  obtdii  ^nrral 
l\iiowl(Higt!  rep|HTt[Tig  boJic's,  we  must  ^ive  scicrktiflo 
i\\ity  to  our  appreciation  of  th[Jir  propertiea,  applies 
to  their  other  properties  us  well  as  to  their  crystal- 
line  form.  And  though  none  of  the  olhfr  pro^ierties 
have  vet  been  reterrod  to  ataiidards  ^i  detinite  lu 
that  whif'h  ^om^tr)'  supplies  for  crystals,  a  9_vsl«m 
has  been  introduced  which  makes  their  measures 
far  more  constant  and  precise  than  tht^^  are  to  a 
coniu^un  uniliseipliued  f^on&e. 

The  author  of  this  system  was  Abraham  Gotttob 
Werner,  who  had  been  educated  in  the  institutions 
wliich  the  doctor  of  Saxony  bad  cslablishrd  at  the 
mines  of  Freiberg.  Of  an  exact  and  methodical 
iDtellect,  and  of  great  aeut*?niss  of  the  sensrs,  Wer- 
ner was  well  fitted  fur  the  task  of  giving  fixity  to 
the  appreciation  of  outward  impressions;  and  this 
ht*  attempted  in  his  DtJ^s/'rtiilittH  oh  the  ExUf*rtul 
Chai'^tricr^  <^ Fmsfik,  which  was  puhlisht?d  at  lj?lp- 
zi^  in  1774.  Of  the  precision  of  his  estimation  of 
sui'h  eharacters.  we  may  judge  froin  the  following 
tiiary,  tiild  by  his  biographer  Frisch\     Onf*  of  hj» 
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mpatiions  had  received  a  i|u&iitic^  of  piof'OA  of 

ber,    aiid    u-as   rplaling   to  Werner,   then    very 

ung^  that  he  haA  foiinil  in  tho  lot  one  piece  froiii 

which    hf   could   extract   no   signs   of  electricity, 

I'emcr  ro<pesleil  to  be  allowed  to  put  his  hand  in 

ho  ba^'  wlueh  cfnitairu'd  these  pieces,  an(l  ininic- 

diately  drew  out  tlie   unelectrical  pict-e.     It  was 

^jrellow  chalccclony.  which  U  distinguishable  from 

^■mher  by  its  weight  and  coldness, 

^H     The  principal  external  characters  M^hich  were 

^^ibjccted  by  Werner  to  a  systematic  examiuation, 

were  colour,  histre,  hardness,  and  flpciiific  gravity, 

^^lis  sulKJivisioas  of  the  tirst  charaetcr  iCofour^)  were 

^very  numerous;  yet  it  cannot  be  doubted  that  if  we 

rociillect  them  liy  the  eye,  and  not  hy  their  names, 

thry  are  definite  ami  vahuiblr^  elianicters,  and  rKpe- 

I     mily  the  metallic  colours-     Brcithaupt,  merely  by 

fie  aid  of  this  diameter,  iJistin^ished  two  new  com- 
uitjcls  n.nLori^^  i\w  »mall  grains  fonuil  almi^  witft 
ic  grains  of  platinum,  and  usually  eontburnk'<i  vsitli 
lem.     The  kinds  of  Lustre,  namely,  {jla»s^h  fai^iU 
hwnntine.  metaUif^  arc,  wlien  uaed  in  the  sanu? 
luanner,   ei|ually  valuable.      SjHidJic  OmtjUi  ob- 
viously admits  i.if  a  numerical  measure;    and  the 
iittrdness  of  a  mineral  was  pretty  i-xactly  defined 
by  the  gub^auces  which  it  would  scratch,  and  by 
ieh  it  was  cajtaldi:  of  bein^  scratched. 
Werner  K«*in  iici^uirnd  a  reputation  as  a  minerai- 
igiflt^  which  drew  persons  from  every  part  of  Europe 
!-Vctl>erg  in  order  to  hear  his  lectures;  anil  thus 
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diffused  very  vvMl'Iv  his  itiode  of  employing  external 
elmracters.  It  was,  indtifnl,  iiiiimssiUe  lu  attt^nd  so 
cli>8i>[y  to  tbc'se  char^ittors  a.s  tUe  WernoriaH  nietlioil 
required^  without  iimliiig  tliat  they  ^vere  more  dis- 
tiitctlve  than  might  at  first  sight  l>e  imagirted;  and 
the  analop;}'  which  this  mode  of  sludyin;^  mineralogy 
estaldishi^d  l»etweon  thai  and  other  branelics  of 
Tiatiivjii  history,  refomniemlcd  thv  method  to  those 
in  wliuni  a  general  inclination  to  such  studies  was 
excited.  Thus  Professor  Jameson  of  Edinburg^h, 
who  had  been  one  of  the  pupils  o\'  Wernor  at  Frei- 
l>cr^,  not  only  published  works  in  which  he  promul- 
gated the  minoralo^cal  doctrines  of  his  master,  but 
established  in  Edinburgh  a  "  Wernerian  Society" 
haviiijr  for  its  object  the  f^'nt^ral  cultivation  of 
natitral  history. 

Werner's  i=tandards  and  iiomor»elature  of  exter- 
nal characters  were  somewhat  modified  by  Mohs. 
who,  with  the  same  kind  of  tiilrnts  and  views,  suc- 
cecdefi  him  at  Freiberg.  Mobs  rcduci^d  hiirdness  to 
numerical  measure  by  selecting  ten  known  minerals, 
each  harder  tiiau  the  other  in  urder,  fi-om  r*7/c  U> 
comvtlum  and  dia-vwnd,  and  by  makinjg  the  |dac[« 
whieh  these  minerals  occupy  in  the  list.  Hie  numeri- 
cal measure  of  the  hardness  of  those  which  are 
compared  with  them.  The  result  of  the  applica- 
tion of  this  lixcd  measurouK^nt  and  nomenclature  of 
external  characters  will  appear  in  the  History  of 
Classiticalion,  to  which  we  now  proceed. 
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CHAPTER  VIII. 
ArrEMrrs  at  -nm  Classification  cf  Minerals. 


Sei'i.  \.—P}'^pfr  object  (if  Clnssi^ficatum, 

TMR  tisity  of  the  crvstQllint'  and  othor  pbvsical 
proptrtics  of  minprals  is  turned  to  acL'outit  by 
lieing  Diadc  the  iiiGatis  of  classir^LD^  Giich  objects. 
To  use  ihe  lan;rua;^T*  of  Aristotle'.  OlaHfiification  ifi 
the  ffrcJtiUrrrmir  amfncc.  tti  whicii  Crystal  I  iiL^^nLpliy 
and  the  Doctrine  of  Externa)  Characters  are  siihor- 
dinate  atid  ministerial,  as  the  art  of  the  bricklayer 
aiul  carpenter  are  to  that  of  tln^  nrphitci^t.  Bnt  ela^- 
sification  itself  in  nsefiil  only  as  subservient  to  an 
ullorior  science,  which  shall  furnish  ns  with  know- 
ledge concerning  things  so  classitied.  To  elassify  is 
to  divide  and  to  name;  and  the  vaJue  of  the  divisions 
which  we  thus  make,  and  of  the  names  which  wr 
give  them,  is  this; — that  they  render  exact  know- 
ledge and  ^neral  pro|jositii>ns  possible.  Now  the 
knowleil^e  which  we  principally  seek  coneeniin|:f 
minerals  is  a  knowledj^e  of  their  chomical  composi- 
tion :  the  general  propositions  to  wJiich  we  hof*  to 
he  led  are  sucli  as  assert  relation&  between  their 

'  FJh.  Marm.  i.  2. 
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intimato  oonstttution  anil  their  exteTTial  attrilmto&p 
Thus  our  mineralopeal  classiHriLtion  must  aiwavw 
liavo  ail  vyc  liinioti  towanis  cht^mistry-  We  r«ti- 
not  get  nJ  if  the  fiiiulaniental  f^ouviptitm,  that  the 
elementarj'  composition  of  bodies,  since  it  foes  their 
essoncG,  iimst  tJetormine  their  properties,  llent^ 
all  mirpralo^cal  arraJi^'eoients,  whether  tliej  pn>- 
tVss  it  or  Dot,  must  W;  in  eftect,  chci^iical;  tlioy  must 
have  it  for  their  object  to  bring  into  view  a  set 
of  relations,  Hhich,  whatever  else  they  may  be,  are 
at  least  choniie^il  n^lations.  We  may  begin  with  the 
cut^iiie,  but  it  i^  only  iu  order  to  reach  the  inner 
structure.  We  may  classily  without  reference  to 
chemistiy;  hut  if  we  do  so,  it  is  only  that  we  may 
assert  chemical  propositictns  with  rcleronec  to  our 
cla.3S)tication. 

But,  as  we  have  already  attempted  to  show,  we 
not  only  may,  hut  we  must  classify,  by  other  than 
cheniLL-al  characters,  in  order  to  be  able  to  make  our 
classiKcation  the  basis  of  chemical  knowledge.  In 
order  to  assert  chemical  truths  conceniing  hodips. 
we  must  have  the  bodies  known  by  mnm*.  tests  not 
chemical,  Tiic  chemist  cimnot  assert  thjir  iHTri!,nmitc 
does  or  does  not  contdn  strontio,  except  the  mine- 
ralogist can  tell  him  whether  any  given  specimen  is 
f\T  is  not  un'Oijoiiiku  If  eheiniNtry  be  called  tip<m  tu 
supply  the  definitions  Jis  wrll  aa  the  doctrines  of 
mineralcj^%  the  science  can  only  consist  of  identical 
prof>ositions. 

Vet    L'hendstry   has   been    much    cmidnycd    in 
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uiiuoralo^cal  ula.^sificatioiiK,  and*  it  is  gfncrnlly 
ImjIjcvciI,  with  a<Jvau(:i^'e  to  the  scit^nee:  How  is 
this  consistent  with  what  has  been  said? 

To  this  the  answer  is,  that  when  this  has  been 
<l4>ne  with  advantage,  the  authority'  of  external  cha- 
racters, a^  wull  as  of  chrniion-l  constitution,  has  been 
i^rou^ht  into  pl.iv.  Wi?  have  two  jiots  of  prtiprrtios 
to  compare,  chemical  and  physical;  to  exhibit  the 
connexion  of  these  is  the  object  of  scientific  minera- 
logy. And  though  this  connexion  would  bo  most 
distinctly  asserted,  if  we  could  keep  the  two  sets  of 
properties  distioct,  yet  it  may  be  brought  into  view 
in  a  ;^eat  degree,  by  classifications  in  which  both 
are  referred  to  as  guides.  Since  the  govermng 
principle  of  the  attempts  at  elaji^lfi cation  is  the 
conviction  that  the  chemical  constitution  and  the 
physical  properties  have  a  delinite  relation  to  each 
other,  we  appear  entillod  to  use  both  kinds  of  evi- 
ilene»\  in  proportion  as  we  can  best  obtain  each ; 
and  the  general  consistency  and  convenience  of  our 
svstem  will  then  he  the  security  for  its  containing 
Rubstantinl  knowledge,  though  this  be  not  presentc^d 
in  a  rigorously  logical  or  systematic  form, 

Sueh  mixed  s7/:<tents  of  classification,  resting 
partly  on  chemical  and  partly  on  physical  charac- 
ters, naturally  appiyired  as  the  earliest  attempts  in 
thi.s  way,  before  the  two  memlM-rs  of  the  subject 
had  been  clearly  separated  in  men's  minds;  and 
these  systcins,  therefore,  we  must  firf;t  give  an 
account  of. 
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Eariif  Stfateais. — The  first  attempts  at  clasatying 
minerals  went  upi>n  the  ground  of  those  difforeDces 
of  genefal  aspect  which  had  been  recognized  iu  the 
formation  of  commnn  language.,  as  earths^  nforurs. 
moUrh.  iJut  sucli  arrangements  were  manifestly 
vagTie  and  confused :  and  when  chemistry  had  ad- 
vanced to  power  and  honour,  her  aid  was  ucturallj^ 
c-allcd  in  to  intro<luce  a  better  order.  "Huirno  and 
Bromell  wore,  as  far  as  I  know,"  says^  Croustcdt, 
**the  first  who  founded  any  mineral  system  upon 
chemical  principles;  to  them  we  owe  the  three 
know  n  divisions  of  the  most  simple  mineral  bodies; 
viz.  th<j  rtii earthly  rHre»<k^teii,  and  /ip^ri'  Hut  Crou- 
stedt's  own  ^ssaij  towards  a  Spste^n  o/Mhentlogy, 
published  in  Swedish  In  1758.  had  perhaps  more 
influence  than  any  other,  upon  Bucceedin^  systcniSH 
In  this,  the  distinction  of  earths  and  stones,  and 
also  of  vitrescent  and  non-vitrescent  earths  {apfni), 
is  rejected.  The  earths  are  classed  as  rAilctfeou^, 
siliceous^  irrgdhn'otis.  and  the  like.  Again,  calca- 
reous earth  is  pure,  {mU:  spar),  or  united  with  acid 
of  vitriol  {ff}fpsuvt\  or  united  with  the  muriatic  aci<J 
{ml  mm/ionwr),  and  the  Hke.  It  is  easy  to  see  that 
this  IS  the  method  whicK  in  its  general  i^riTictple, 
ha:^  Ikb^en  continued  to  our  own  time.  In  sudi 
methods,  it  is  supposed  that  we  can  rccognl7-e  the 
substance  by  its  ^'ei»eral  appt^aranee.  and  on  tbu 

'  MineriUofi'/,  Vmt  p.  vih. 
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assumption,  its  plat^e  in  the  system  conveys  to  us 
chumtca!  knowledge  eonoerning  it. 

But  ns  the  other  branches  of  Natural  History, 
and  especially  Botany,  assumed  a  sy^ematic  form, 
many  mineralogists  became  dissatisfied  with  this 
cseual  and  superficia]  mode  of  taking  account  of 
external  ch^iractcrs;  they  became  conviuc<?d,  that 
in  mineralogy  as  in  other  sciences,  classiiicatioE 
must  have  its  system  and  its  rules.  The  views 
which  Werner  ascribi-s  to  his  teacher,  Pabst  von 
OhaiIl^  show  the  rise  of  those  opinions  which  led 
through  Werner  to  Mobs:  '*He  was  of  opinion  that 
ft  natural  mineral  system  must  be  con.slructed  by 
chemical  determinations,  aiid  external  characters  at 
the  same  time  {wHhodtis  wfjrta) ;  but  that  along 
with  this,  mireralo^^ists  ought  also  to  construct  and 
employ  what  he  called  an  tirtlficliii  j^/sfUnOj  which 
might  serve  us  as  a  guide  {loco  indicis)  how  to 
introduce  newly -discovered  fossils  into  the  system, 
and  how  to  find  easily  and  quickly  those  already 
known  ajid  introduced."  Such  an  artificial  svstem 
containing,  not  the  grounds  of  clasaitication,  but 
marks  for  recognition,  was  aftcnvards  attempted  by 
Mohs^  and  termed  by  him  the  Characteristic  of  bis 
system. 

H'eriti^r's  iSj'tfiiW,— But,  in  th*?  mean  time  Wcr* 
ner's  classification  had  an  extensive  reign,  and  this 
'was  still  a  mixed  system.  Werner  himself^  indeed, 
never  publirihed   a   system    of  mineralogy.     '*  We 

'  FriPchn  H'erner'jr  LtAcB,  p.  Ifi. 
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might  almost  imj^i^iie,"  Cuvit^r  iiAys\  "that  wbon 
he  liad  produoefl  his  nomenclature  of  eiteraal  cha- 
racters, he  was  aiFrip;hted  with  his  own  creation; 
a.nd  that  the  r4::Lson  of  his  writing  so  little  afW 
this  tirst  essay,  was  to  avoid  the  shackles  which  be 
had  imjwscd  upon  others.''  His  system  was.  indceiL 
made  known,  both  in  and  out  of  Germany,  hy  his 
pupils;  hut,  iu  cuiisequeuee  of  Werner s  unwilljng- 
ness  to  give  it  on  his  own  authority,  it  assumed,  iu 
its  published  forms,  the  appearance  of  an  extorted 
secret  imperfectly  told.  A  Notice  ^  the  Mhteralc- 
gical  CabiitH  of  Ath/e- J  director  Fahst  von  O/ir/in^ 
was,  in  I70ti.  published  by  Karston  and  Hoffman, 
under  Werner's  direction;  and  conveyed,  by  ex- 
ample, his  views  of  mineralogical  arrangement ; 
and*  in  ISIO  hit  Ikir/rinif  o/'  Clinfid/fattwu  wa*  sur- 
reptitiously copied  from  his  mauuscript,  and  pub- 
lished in  a  German  Journal,  termed  T/te  Ilei^eruA. 
But  it  wa^  only  in  1817,  aiUtr  his  death,  that  there 
appcari'd  Wenun'-'i'  Last  Minerol  System ;  eilited 
from  his  papers  by  Breithaupt  and  Kohler:  and  by 
this  time,  as  we  shall  soon  see,  other  systems  were 
coming  forwards  on  the  stage. 

A  very  slight  notice  of  WemerV  arrangement 
will  suffice  to  show  that  it  was,  as  we  have  termed 
it,  a  mixed  system,  fie  makes  four  ^eat  Classes 
of  fossils,  Bart-fnt^  Sal'rm},  ComfmsiMtt.  AlufaMio: 
the  earthy  fossils  are  in  eight  Genera — Diam<md. 
Zircon,  Silioa,  Alumina  Tale,  Lime,  Uaiyta.  Hal- 
*  Cii».  El  n.  314-  '  FriKh-  p.  53- 
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lites.  It  is  clear  that  these  genera  are  in  the  main 
chemical,  for  chemistry  alooe  caa  definitely  distin- 
guish tlte  earths  which  charactariiiG  thorn.  Yet  the 
Weriieriau  arrangement  supposed  the  diatinctiona  to 
be  praclicaliy  miidc  by  reference  to  those  external 
characters  which  the  teacher  himself  could  employ 
with  J^'uch  surpasiiLQg  skill.  And  though  it  cannot 
be  dmibtei^L  that  the  chemical  views  wliich  prevailed 
arovnii  him  had  a  latent  influence  on  his  classihca- 
tions  ID  some  cases,  he  resolutely  refused  to  bend 
his  system  to  the  authority  of  chemistry.  Thus*, 
when  he  was  blamed  for  having,  in  opposition  to 
the  chemists*  placrd  diamond  among  the  earthy  fos- 
sils, he  persisted  in  declaring;  that,  minerallogically 
eonRiderpi!.  it  was  a  stone,  and  could  EOt  bo  treated 
s«  anything  else. 

This  was  an  indication  of  that  tendency,  which, 
under  his  successor,  led  to  a  complete  separation  of 
tJie  two  grounds  of  classification.  But  before  we 
proceed  to  this,  we  must  notice  what  was  doing  at 
this  period  in  other  parts  of  Europd. 

Hamfs  Speteni. — Though  Werner,  on  his  own 
principiea.  ought  to  have  been  the  first  peisoii  to 
see  the  immense  value  of  the  most  marked  of 
external  characters,  crystalline  form,  he  did  not.  In 
fiu?t,  attach  much  importance  to  it.  Perhaps  he 
WBB  in  some  measure  fascinati^d  by  a  fondness  for 
til oce  characters  which  he  had  himself  systematized, 
and  the  study  of  which  did  not  direct  him  to  look 
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for  gaoniptrjcal  relations.  However  tins  may  be. 
the  glorv  ofgiviiii^  to  crvstalluyjapiij  its  just  im- 
portance in  niintralo^v  is  dne  to  France;  and  the 
Treatise  of  Uaiiy.  published  in  1801,  is  the  basis  of 
the  best  succetding  works  of  mineralo^.  In  this 
work,  the  arrang-ement  is  professedly  cheniiral :  ajid 
the  clflssificjition  thus  established  is  employed  as 
the  means  of  enunciatJug  crystaUographic  and  other 
properties.  "The  principal  object  of  this  Treatise/' 
says  the  author;  ■'  [^  the  exposition  and  develnpe- 
ment  of  a  method  founded  on  certain  prineiples. 
which  may  serve  as  a  frame-work  for  all  the  know- 
led^  which  mineralo^  can  supply^  aided  by  the 
difierent  seitmoes  which  can  join  hands  with  her  and 
march  on  the  same  line.'^  It  is  worthy  of  uotfL'e,  as 
characteristic  of  this  period  of  mixed  systems,  that 
the  classification  of  tlaiiy,  though  founded  on  j>riE- 
eiples  so  different  from  the  Wernerian  oEies,  deviates 
little  &om  it  in  the  general  character  of  the  divi- 
sions. Thus,  the  first  Order  of  the  first  Class  of 
Haiiy  is  Arldiferoas  Earthy  Substariccj? ;  the  first 
genus  ifi  Liiiu;  i  the  species  aro,  Carbonats  qf  Lime, 
PhospkiUe  ^  Liine^  FluaU  of  Linw,  Stdj^haie  of 
Lirrie,  and  so  on. 

Oth^r  Systems. — Such  mixed  methods  were  in- 
troduced also  into  this  roimtry,  and  have  prevailc^l, 
we  may  say.  ui>  to  the  present  time.  The  Mhwrtf^ 
iogy  of  William  Phillips,  which  was  published  in 
1824,  and  ^^'hich  was  an  extraordinary  treasure  of 

'  Dist  Prpl,  p.  xTii, 
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crrstallographic  facts,  was  arranged  by  sucli  a  mi^pil 
syalojTi;  that  is,  by  a  system  professt'dly  ohL^niical ; 
but.  inaaniuch  as  a  rigid  chemical  system  is  impos- 
sible', and  the  assumption  of  such  a  oue  leads  into 
glaring  absurdities,  the  system  waA,  in  this  and 
otber  attempts  of  tlir  same  kind,  correcteii  by  the 
most  arbitraiy  and  la\  application  of  other  con- 
sideratioLs. 

il  is  a  curious  example  of  the  difference  of 
national  intelliM-tual  character,  that  the  nianife^t 
itieonsistejiciea  of  the  prevalent  nystems,  which  led 
in  Germany,  as  we  shall  see,  to  bold  and  sweeping 
attempts  at  reform,  produced  in  England  a  sort  of 
contemptuous  despair  with  regard  to  systems  in 
gent^ral; — a  belief  that  no  system  could  ho- con- 
fidstent  or  useful; — and  a  persuasioTi  that  the  only 
%-aluable  know1e<lg;e  is  the  acciunulation  of  par- 
ticular facta  Tills  is  not  the  place  to  explain  how 
erroneous  arid  unphilosi»phlcal  such  an  opinion  Is. 
But  we  may  notice  that  while  such  a  temper  pre- 
vails among  us,  our  place  iu  this  science  can  never 
be  lijund  in  advane*^  of  that  position  which  we  are 
now  considering  as  c^^emplificd  iu  the  period  of 
Wemer  and  Haiiy.  So  long  as  we  entertain  such 
views  respecting  the  objects  of  Mineralogy,  we  can 
have  no  shaxo  in  the  fortunes  of  the  succeeding 
period  of  its  history,  to  which  1  now  proceed. 
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Systems. — Separation  of  the  Chemical  an» 

Natural  History  METHOi>a. 


Seel.  1, — Natural  iiistm^  Si/stein  qf  Moh». 

THE  chemical  principle  of  classificalion,  if  pur- 
sued at  random,  as  m  the  eases  just  spoken  oC 
leads  to  reaulte  at  which  a  philosophical  spirit  re- 
volts; it  separates  widely  substances  which  are  not 
distinguishable;  joins  together  bodies  the  most  dfs- 
similar;  and  in  hardly  any  instance  brings  any 
truth  into  view.  The  vices  of  classifications  like 
that  of  Haiiy,  could  not  long  bo  concealed;  but 
even  before  time  had  exposed  the  weakness  of  his 
system.  Haiiy  himself  had  pointed  out,  clearly  and 
without  reserve^  that  a  chemical  system  is  only  one 
side  of  the  subject,  and  supposes,  as  its  counterpart, 
a  science  of  external  characters.  In  the  mean  lime, 
the  Wernerians  were  becoming  more  and  more  in 
love  with  the  form  which  they  had  given  to  such  a 
science.  Indeed,  the  cxpcrtness  which  Werner  and 
his  seholars  ac*iuired  in  the  use  of  external  charso- 
ters,  justi^od  some  partiality  for  them.  It  is  related 
of  him',  that,  by  looking  at  a  piece  of  iron-ore,  and 
poising  it  in  his  hand^  he  was  able  to  tell,  almost 

■  Spa  his  Dim.  Prel.  '  Friufh.  Iffr«f/'j  UHcm^  i>.  7a 
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pTedsclTf  the  proportioD  of  purd  metal  which  it 
contained.  And  in  the  last  year  of  his  life',  he  had 
marked  out^  as  tbe  emplipymejit  of  the  en^tubg  whi- 
ter, tin;  study  of  the  syetem  of  BtTzdius,  with  a 
view  to  find  out  the  Inws  of  combination  as  dis- 
closed by  external  characters.  In  tlie  same  spirit, 
hi*  pupil  Dreithaupt'  attempted  to  discover  the 
iii*^u<lientp  of  mincraks  by  thiMr  pncuiianti<js  of 
(Trystalli7j»tion.  ITin  persuasion  that  there  muat  be 
#OT»w  connexion  between  composition  and  proper^ 
tios,  transfonned  itseltl  in  their  minds,  into  a  belief 
th&t  they  couM  seize  the  nature  of  the  cotmexion 
by  a  sort  of  instinct. 

This  opinion  of  the  independency  of  the  science 
W  eKterual  characters,  and  of  its  suificiency  for  its 
own  object,  at  ]a.st  assumed  its  complete*  form  'm 
the  bold  attempt  to  construct  a  system  which  should 
borrow  urithing  from  chemistry.  This  attempt  was 
made  by  Frederick  Mobs,  who  had  been  the  pupil 
of  Werner,  and  was  afterwards  his  successor  in  the 
school  of  Freiberg;  and  who,  by  the  acute  and 
niethodical  character  of  his  intellect,  and  by  hh 
intiniati?  knowled^  of  minerals,  w^is  worthy  of  hia 
predecessor.  Rejecting  altogether  all  divisions  of 
which  the  import  was  chemical.  Mobs  turned  for 
^^idafice.  or  at  least  for  the  light  of  analog}',  to 
tolany.  His  ohjeet  wa*^  to  construct  a  Natural 
Sltwtein  of  mineralogy.  What  the  conditions  and 
advantages  of  a  natural  system  of  any  province  of 

■  Friscl..  3,  '  Drrjrfn.^HHfirt*^.  vol  ii.  pSy. 
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nature  are,  we  muat  delay  to  ezplain  till  we  have 

before  us  in  botauy  a  more  luminous  example  of 
such  a  Bcht^nio.  Hut  further,  in  niini.Talogj.  as  in 
botany,  besides  the  Natural  System,  by  wliioh  we 
form  our  classes,  it  is  necessary  to  have  an  Arli- 
JicicU  S^Heni,  by  which  we  recognize  them ; — a 
principle  which,  we  have  seer,  had  already  taken 
root  in  the  aeh<»ol  of  Fnn!>crg.  Such  an  artificial 
system  Mohs  pruduccd  in  his  Characimmlir  of  the 
Mineral  Kingdmn,  which  was  published  at  Dresden 
in  1820;  aud,  though  extending  only  to  a  few 
pages,  e:4cited  a  strorg  interest  in  Genoany,  where 
men's  minds  were  prepared  to  interpret  the  full  im- 
port of  such  a  work.  Some  of  the  traits  of  such  a 
''characteristic''  had.  indeed,  been  previously  drawn 
by  others;  as  for  example,  by  JIaiiy,  who  notices 
that  each  of  his  elasscs  has  peculiar  characters. 
For  lustance,  his  first  class  (acidifrrnus  substances*] 
aloue  possesses  these  combinations  of  properties: 
"division  into  a  regular  octohedron,  without  being 
able  to  scr.ilch  glass;  specific  gravity  al'ove  3*6, 
without  being  able  to  scratch  glass/'  The  extensioo 
of  such  characters  into  a  scheme  which  should 
exhaust  the  whole  mineral  kingdom,  was  the  under- 
taking of  Mohsn 

Such  a  collection  of  marks  of  classes,  implied  a 
classiRcation  previously  established,  and  accordingly, 
Mohs  had  created  his  own  mineral  systeiu.  His 
aim  was  to  eonstruet  it,  as  we  shall  hereafter  see 
that  other  natural  systems  are  constructed,  by  taking' 
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aocount  nil  the  resemMaTiws  and  differences  of 

tie  objects  eiassificd.     It  is  obvious  that  to  cxw^ute 
a  work,  im})lied  a  most  iutimate  and  universal 
|uaintance  with  luinerals; — a  power  of  combin- 
ing in  one  vivid  survpy  the  whole  mineral  king^dom, 
'o  illustrate  the  spirit  iu  which  Professor  Mohs  per- 
'forme*!  his  task,  I  hope  I  may  be  allowed  to  refer 
to   niv  own    intercourse  with    bim.     At  an   early 
peHod  of  my  mineralogical  studies,  when  the  very 
*once|5tion  of  a  Natural  System  was  new  to  me,  he, 
with  ^re»t  kindHne,ss  of  temper,  allowed  me  habi- 
tually to  propost?  to  him  the  scruples   which  arose 
in  tny  TUiini,  In^fore  !  could   admit   principlen  which 
apf^earcd  to  uie  then  9*1   va^up  aiui  iudrfinite;  and 
^ansuxered   my  objections  with  great  |>atience  and 
lost  instructive  clearness.  Among  other  difficulties, 
one  day  propou7»ded  to  him  thisi — ''You  have 
published  a  Treatise  on  Mineralogy,  in  which  you 
tve  described  a!t  the  important  properties  of  all 
,[iown  niineralsn    On  your  principles,  then.  It  ought 
to  he  possible,  merely  by  knowing'  the  deticriptions 
your  book,  and  without  seeing  any  minerals,  to 
construct  a  natural  system:  and  this  natural  system 
ou^lit  to  turn  out  identical  with  that  which  you 
.have  produced,  by  so  careful  an  exaniiaation  of  the 
minerals  themselves."     He  pondered  a  momt^nt,  and 
then  be  answered,  "It  is  true;  but  what  an  enomious 
iifinatitm    {einbildunyekrafty  poierr  qf  hueard 
riniuif.)  a  man  must  have  for  such  a  work." 
ividnesa  of  conception  of  sensible  properties,  and 
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tbt^  steady  hitukiun  {/rr/i'r/i'iiiurti))  of  nl>jects,  wew 
deemfid  by  Iniri,  and  Uy  the  Wenieriun  aeliool  iu 
general,  to  be  the  most  essential  conditions  of  com- 
plete knowledge. 

It  is  not  necessary  to  describe  Mohs's  s)'Stem  in 
detail ;  it  mav  Kufficicntiv  indicate  its  form  to  state 
that  the  following  mibstjinccs,  such  ns  I  before  gave 
as  examples  of  other  arrangements,  calcspar,  gypsum, 
duor  spar,  apatite,  heavy  spar,  are  by  jMohs  termed 
respectively,  Rlifmifiohcrirtil  Lime  Haioide,  (ifqia 
Nahid^,  Octofiedral  Fhtm'.  Haloide^  lihmnMicdrai 
Fium-  Iltiloirk,  Prif^mtttic  JM  fiifrf/fe.  These  sub- 
stances are  thus  referrtHl  to  the  Ot'd'^rm  llaloide, 
a.nd  Barjtei  to  (ieni^m  Lime  Haloidi^  Fluor  Haloide^ 
Hal  Barjlc ;  and  the  Sp*^ejs  is  an  additinnaJ  par- 
ticularizatioQ. 

Mohs  not  only  aimed  at  framing  such  a  system, 
but  was  also  ambitiouF  of  giving  Co  all  minerals 
names  which  should  accord  with  the  systcniH  This 
desip;Ti  w-ts  too  bold  to  succeed.  It  is  true,  that 
a  new  nomenclature  was  much  needed  in  mine- 
raloxy:  it  is  true,  too,  that  it  was  reasoEiable  to 
expect,  from  an  improved  classification,  an  improved 
Domenclature.  such  as  had  been  soltappily  obtained 
In  botany  by  the  refc^rm  of  Linnaeus.  But  besides 
the  defects  of  Mohs's  system,  he  had  not  [)rcpared 
his  verbal  novelties  with  the  temperance  and  skill 
of  the  great  belanical  reformer.  He  called  upon 
mineralogists  to  change  the  uami^  of  almost  every 
minera)  with  which  they  were  acquainted  :  and  the 
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appellations  were  mostly  of  a  cumbrous 
fomu  as  the  al>Qve  examples  may  servt;  tu  show. 
Such  names  could  have  oblaineJ  geiu'ra.1  curroucy, 
uuly  after  a  general  and  complete  acceptance  of 
e  system:  and  the  sy^-tem  did  ntit  possess,  m  a 
Futticient  degree,  that  evidonce  which  aloae  could 
gum  it  a  home  in  the  belief  of  philosophers; — the 
coincidence  of  its  results  with  those  of  f'heiniBtrv. 
But  before  I  s^ieak  Hnally  of  the  fortuuer^  of  the 
nntunl-hi story  system,  I  wiU  say  something  of  the 
other  attempt  which  waa  made  about  the  same  time 
iutrodutu^  a  reform  into  mineralogy  from  the 
ite  extremity  ot'  the  science. 


'fcf.  %—Chi'fnii-uf  Sffitievt  qf  B&rzdius  mtd  others. 


If  the  students  of  external  characters  were  satisfied 
of  the  independence  of  their  method,  the  chemical 
alysts  were  naturally  no  less  confident  of  the 
Intimate  yujtremacy  of  their  principles :  anil  when 
begimiing  of  the  present  centurj'  had  been  dia- 
in^ished  by  the  establishment  of  the  theory  of 
definite  proporti«»ns,  and  by  discoveries  which  pointed 
to  the  electro-chemical  theory,  it  could  not  appear 
presumption  to  suppose,  that  the  classifi cation  of 
ies  f^o  far  as  it  ^lepended  on  chemistry,  might 
presented  in  a  form  more  complete  and  scientific 
an  at  any  ]>reT]ons  time. 

The  attempt  to  do  this  was  made  by  the  great 
wodi^^h    chemist   Jacob   Berzelius,      hi    ISIfl,   he 
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published  his  Mssutf  to  esla/iHs/r  a  pt/n'frj  St^^tijtf 
*S^rf^w  qf  MhitTa/n/jr/,  bft  viMitsqf  the  AppHratiojt 
of  Ihs  EkclnhfJiemml  Thi-orjf  and  the  Cheinmd 
Dactrhtp  of  Ihjimie  Pr/fporlimis.  It  is  manifest 
that,  for  minerals  which  are  constituted  by  the  law 
of  Definite  Proportions*  this  constitution  must  be 
a  raoet  esf^erjiial  part  of  their  chara<rU>r.  Tlie  olcctro- 
chcmieal  theory  was  I'.illed  in  aid,  in  a^Idrtion  to 
the  composition,  because,  distin^ishiug  the  ele- 
ments of  all  compounds  as  clectro-posilive  and 
electro-negative,  and  g"Jviug  to  every  element  a 
plaee  in  a  series,  and  a  place  defined  by  the  decree 
of  these  relations,  it  seemed  to  afford  a  rigorous 
and  complete  principle  of  arrangement.  Accord- 
ingly, Berzelius,  in  his  FlrRt  System,  arranged 
minerals  acording  to  their  electro-positive  clement, 
and  the  elements  according  to  thetr  electro-positive 
ranl< ;  and  supposed  that  he  had  thus  removed  all 
that  was  arbitrary  and  vaguei  in  the  previtms  che- 
mical Jivntt^ns  of  mineralogy. 

Though  the  attempt  appeared  so  well  justified  by 
the  state  of  cbemical  science,  and  was  so  plausible  \\\ 
its  principle,  it  was  not  long  before  events  showed  that 
there  was  Rome  fallacy  in  these  specious  appearanees- 
In  1B2(J,  Mitseherlich  discovered  isomorphism:  it 
appeared  that  bodies  containing  very  different  elec- 
tro-positive elements  could  not  be  distinguished  from 
each  others  it  was  impossibie^  therefore,  to  put  them 
in  distant  portions  of  the  classification  \ — the  first 
system  of  Berzelius  crumbled  to  pieces. 
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But  Eerxelius  did  m>i  so  easily  resign  liis  pro- 
ject    With  thi?  most  Luihesitatlnjj;  confession  of  ]u& 
first  failure,  but  with  undaunted  courage,  he  a^in 
girded  bimeelf  to  the  task  of  rebuilding  his  edifice. 
Defeated  at  the  electro-positiye  position,  he  now 
resijlveil  to  make  a  stand  at  the  eleetro-npgativB 
element.     In  1824,  he  puhlitihed  i.a  the  Transac- 
tions of  the  Swedish  Aeademv,  a  Memoir  On  the 
Alterations  r7i  the  Ckernicftl  Mhieral  Spstetn,  which 
necessarily  Jhlltm  fnmi  thf  property  fj^hibited  by 
l8rmwrphou>'  tiodh%  of  rvpladnif  eutJt  other    in 
ffirrii  jiropiirFifHifi.     I'lie  alteratit»n  w/is>  in  fact,  an 
inversioQ  of  the  system,  with  an  attempt  stil!  to 
presene  the  electro-chemical  principle  of  arrange- 
foent.    Thus,  instead  of  arranging  metallic  minerals 
Btcording  to  the  meUii,  under  iron,  copper,  &c.,  all 
le  mfphunts  were  classed  together,  all  the  o^idtis 
;ether.  al!  the  t*n/j'/ifftes  together,  and  so  in  other 
lects.     That  such  an  order  was  a  great  improvo- 
>nt  upon  the  preceding  one,  cannot  he  doubted  ; 
■e  shall  see,  1  think,  that  as  a  strict  scientific 
rstem   it   was  not  successful.     The    discovery  of 
tniorphisni,  however,    naturally  led  to  such   at- 
tempts,   ThujH  Gmelin,  lu  1H*J5,  published  a  mineral 
syfitemS  which,  like  that  of  Ber^elius.  founded  its 
ling  distinctions  on  the  electro-negative,  or.  as 
was  sometimes  temiod,  the /bmiiilive  clement  of 
^s;  and,  besides  this,  took  account  of  the  num- 
rs  of  atoms  or  proportions  which  appear  in  the 

*  Zeilfick.  dfr  Min.  IflQfi,  p.  4^'V. 
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GompoRition  of  the  body,  distin^iishin^,  for  instance, 
mliealta,  its  simple,  double,  and  so  on.  to  quinttqtl^ 
(Pt-chskin)  and  sextupf^  {PerJi^teiv).  In  like  manner. 
TJordenski(>Id  demised  a  system  reciting  on  the  same 
bases,  taJJiig  into  account  also  the  crystalline  form. 
In  1824,  Beudaiit  published  his  Traits  Elen^ntam 
de  Min^rato*jk,  in  wMch  he  professes  to  found  his 
arranf^ment  on  the  electro-negative  element,  and 
on  Ara|>^re's  circular  arraiigcraunt  of  elemenlary 
suhataueea.  Such  f¥henie>j  exhibLt  rather  a  play 
of  the  mere  logical  faculty,  exercising  itself  on 
assumed  principles,  than  any  attempt  at  the  real 
]nterprctatio[i  of  nature.  Other  such  pure  i^hemical 
systenis  Eia}^  have  berj]  publisheil,  hut  it  is  not 
necessary  to  aeeumuiate  instances.  1  proceed  to 
consider  their  result. 


5^.  3- — Failure  of  the  Attempts  at  Sjfstejmtk 
Re/ami. 

It  may  appear  presumptuous  to  speak  of  the  failure 
of  tho&ie  whom,  like  Ber/e!ius  and  Mohs,  we  ac- 
knowledge ZLS  our  masters,  at  a  [K'riori  when*  pro- 
bably, they  and  some  of  their  admirers  still  hold 
them  to  have  succeeded  in  their  attempt  to  con- 
struct a  consistent  system.  But  1  conceive  that 
my  otticG  as  an  historian  requires  me  to  exhibit 
the  fortunes  of  this  science  in  the  most  distinct 
form  of  which  they  admit,  and  that  I  cannot  evade 
the  duty  of  attempting  to  seize  the  true  aspeet  of 
recent  occurrences  in  the  world  of  Rcience.     Henee 
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I  Venturis  to  sprak  of  the  Tailiirc  of  both  the  at- 
tempt* at  framing:  a  pure  scientific  system  of  minc- 
ralo^, — that  founded  on  the  chemical,  arid  that 
founded  on  the  natural-history  principle;  because 
it  IB  clear  that  they  have  not  obtained  that  which 
rAlone  we  could,  according  to  the  views  here  pre- 
•anled,  consider  as  success,— a  coincidence  of  each 
with  the  other.  A  (Jn>Djiual  System  uf  arningement, 
which  should  bring  together,  in  all  cobcs,  the  sub- 
Stances  which  come  nearest  each  other  in  ex- 
temal  properties: — a  Natural-history  System,  which 
should  lie  found  to  arran^  bodies  in  complete  ac- 
cordance with  their  chemical  constitution  : — if  such 
systems  existed,  they  mi^ht.  with  justice,  claim  to 
have  t^uccceded.  Their  agreenieitt  would  be  their 
reriticatiou.  The  Interior  and  the  exterior  systotu 
are  the  type  and  the  antitype^  and  their  entire  cor- 
respondence would  establisli  the  mode  of  interpre* 
tation  beyond  doubt.  But  nothing  less  than  tli!^ 
will  satisfy  the  reijuisitions  of  science-  And  when, 
therefore,  the  chemical  and  the  natural-history 
svstem.  though  evidently,  as  I  conceive,  tendinj^ 
towards  each  <fther.  are  still  far  from  coming 
together,  it  is  impossible  to  allow  that  either 
method  has  been  successful  in  regard  to  its  proper 
object 

But  we  mn}\  I  think,  point  out  the  fallacy  of  the 
principle^  a&  well  as  the  imperfection  of  the  results. 
of  both  of  those  methods.  With  regard  to  that  of 
Beriflius.  indeed,  the  history  of  the  subject  obriously 
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Iwtrays  its  un sound ncBs.  Tlie  oloctro-positive  prin- 
ciple was,  in  a  very  short  lime  after  its  adoption* 
proved  and  acknowledged  to  l>e  utterly  untenable: 
wliat  securitj  have  we  that  the  electro-negative 
elemeut  is  more  truf^twortliy  *'  Wii,s  not  the  ueces- 
aity  of  an  entire  change  of  system,  a  proof  tliat  the 
ground,  whatever  tliat  was,  on  which  the  electro- 
chemical principle  was  adopted,  was  an  unfounded 
assumption'^  And,  In  fact,  do  we  not  fi]id  that  the 
same  argument  whieh  was  allowed  to  hf-  fatal  to  the 
First  System  of  Ber/eiius,  applies  in  exactly  the 
same  maimer  against  the  Second?  If  tbe  eleetru- 
positivc  elements  be  often  isoniorphous,  are  not  the 
eketro-negativG  elements  sometimes  iyoniorphons 
also?  for  instance,  the  arsenic  and  phosphoric  acids* 
But  to  go  further,  what  Is  the  ground  on  which  the 
eketro-ehemical  arrangement  is  adopted?  Granted 
that  the  electrieoJ  r<2latious  of  bodies  arc  important: 
but  bow  do  we  come  to  know  that  these  relations 
have  anything  to  do  with  mineralogy?  How  does 
it  appear  that  on  them,  principally,  depend  those 
external  properties  which  mineralogy  must  study? 
How  does  it  appear  that  because  sulphur  is  the 
electro-negative  part  of  one  body,  and  an  acid  tbe 
electro- negative  part  of  another,  these  two  elements 
similarly  aHect  the  compounds?  How  does  it  appear 
that  there  is  any  analog}-  whatever  in  their  functions! 
We  allow  that  the  composition  must,  in  sorrt^  wagf, 
deteniiiue  the  classified  place  of  the  mineral. — but 
whv  in  tfiia  \vav  ? 
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1  dw  uot  dwell  on  the  remark  which  Bcrzelius 
himself^  makes  on  Nord**!!  ski  old's  system; — that  it 
(umcs  a  perfi'ct  !\nffwlcdge  of  tho  composition  in 
every  case;  although,  considering  the  usual  discre- 
pancies of  analyses  of  minerals,  this  ohjeclion  must 
makf?  all  [lun-  (chemical  systems  useless.  But  I  in^iy 
observe,  that  miufiralD^'i>its  have  not  yet  determined 
what  ehararters  an;  sufficiently  fi\ed  to  iJetemiine 
a  species  of  minerals.  We  have  seen  that  the  ancient 
Lion  of  the  composition  of  a  species,  has  been 
rnsettlrnl  by  tlie  JiKcuvery  of  isomorphism.  Tlie 
met  of  the  e<uiHtaney  nf  the  angle  is  rendered 
tubtful  by  oases  of  plesiomor])hiam.  The  optical 
prtiperties,  which  are  so  closely  connected  with  the 
cn'stallinc,  arc  still  so  imperfectly  known,  that  they 
subject  to  eiiaugts  which  apprnr  capricious  and 
'arbitrary.  Both  the  chemical  and  the  opticfil  mine- 
ralogists have  constantly,  of  late,  found  occasion  to 
s<,-parate  species  which  had  been  united,  and  to  bring 
together  thciso  which  had  hr?er]  diviilcd,  Ever^'thinfj 
shows  that,  in  this  science,  we  have  our  classifi cation 
sliU  to  begin.  The  detection  of  that  fixity  of  cba- 
ractersr  <*ii  which  a  right  establishment  of  species 
must  rest,  is  Tint  yet  complete,  p"eat  as  tfie  pn)gresa 
is  which  we  have  made,  by  acquiring  a  knowledge 
of  the  laws  of  crystallization  and  of  definite  chemi- 
d  constitution.  Our  ignorance  may  surprize  ua; 
kUt  it  may  diminish  our  surprize  to  recollcctH  that 
the  knuw'led^'o  whirh  we  scirk  is  that  of  the  laws  of 
le  physical  constitutiim  of  all  boilies  whatevi-r ;  for 

■'  Jffhrtt  Bcrickt.  x'm  183. 
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tu  US,  as  mineralogists,  all  chemical  compounds  are 
nnncT'tih. 

The  rii?icct  of  thi?  jirinciplc  of  the  nutural -history 
classiiicrs   may  be   thus  stated  :^ — in  studyiDg  the 
external  characters  of  bodies,  they  take  for  granted 
that  tliey  can,  without  au^-  other  light,  discover  the 
relative  value  and  imi)ortance  of  those  eharaetars. 
The  gjoupin^  of  species  into  agenusn  of  genera  into 
an  order,  according  to  the  method  of  this  gchool, 
[jrocceds  l>y  no  definite  rules,  but  by  a  latent  talent 
of  appreciation, — a  sort  of  classifying  instinct.    But 
this  course  caujiot  reasonably  be  expect^  to  lead 
to  scientiiic  truth;  for  it  can  hardly  be  hoped  by 
any  one  who  looks  at  the  general  course  of  science, 
that  Ave  shall  discover  the  relation  between  external 
characters  and  chemical  composition,  otherwise  than 
by  tracing  their  association  io  cases  where  both  are 
kitowti.     Tt    is   urged   that  in  other  cIa.Hsificatory 
sciences,  in  botany,  for  example,  we  obtain  a  natu- 
ral classification  &om  external  characters  without 
having  recourm?  to  any  other  source  of  knowledge. 
But  tills  is  tiot  true  in  the  sense  here  meant.     In 
framing  a  natural  system  of  botany,  we  have  con- 
stantly before  our  eyes  the  principles  of  physiology; 
aikd  we  estimate  the  value  of  the  characters  of  a 
plant  by  their  bearing  on  its  functions, — by  tbeir 
place  in  its  organization.    In  an  unorganic  body, 
tht.?  chemical  constitution  is  the  law  of  its  h&ing; 
and  we  shall  never  succeed  in  framing  a  science  of 
such  Iwniies,  hut  l»y  studiously  directing  oxtr  effort* 
to  the  interpretation  of  that  law. 
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On  tliGse  ^ouodi^,  t\uni,  I  conceive,  that  the  bold 
atteraptfi  of  Mohs  anti  of  Uerzelius  to  give  new 
forms  to  mineralogj,  cannot  be  deemed  .succefisfiil  in 
the  niaDuer  in  ivbiHi  their  authors  aspired  to  suc- 
ceed. ^'eithr.■^  of  them  can  be  marked  as  a  perma- 
nent reic>nnalion  of  the  science.  I  shall  not  inquire 
how  far  they  have  been  accepted  by  men  of  acience, 
for  I  conceive  that  their  greatest  effect  has  hi!cn  to 
point  oul  improvements  which  might  be  made  in 
mmeralog}'  without  going  the  whole  length  eitber 
of  the  purti  chemical,  or  of  the  pure  oaturai-history 

Sect.  A. — Hetnrn  to  Mired  SyUnm  with 
IfUproretft&tUs. 

In  spite  of  the  efforts  of  the  purists,  mineralogists 
rGturni^J  to  niixcid  sjHtfms  of  classification ;  but 
these  systems  are  much  better  than  they  were  be- 
fore such  efforts  were  made. 

The  Second  System  of  Berzelius,  though  not 
tenahle  in  its  rigonms  forrn^  approaches  far  nearer 
ihan  any  previous  system  to  a  complete  character. 
bringing  together  like  substances  in  a  large  portion 
of  its  extent.  The  system  of  Mohs  also,  whether  or 
not  unconsciously  swayed  by  chemical  doctrines, 
forms  onicrs  which  have  a  community  of  chemical 
character;  thus,  the  minerals  of  the  order  Haloid 
are  salts  of  oxides,  and  those  of  the  order  Ptfr^Ues 
are  sulphurets  of  metals.  Thus  the  two  methods 
appear  to  bo  converging  to  a  connnon  center;  and 
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thougli  we  are  unable  to  Ibllow  either  of  them  to 
this  [loint  of  unioji,  wi.^  may  l(?arn  from  l»fith  in 
what  dircTtion  wo  are  to  look  for  It,  If  we  rpgarti 
the  b('Ht  of  the  pure  systems  hitherto  doviwd  as  in- 
dications  of  the  nature  of  that  sysl^m^  perfect  both  as 
a  eheniical  and  as  a  natural -history  sysieiii,  to  whieb 
a  more  complete  eonditiori  of  iiiiTieralogieal  know- 
led^*  may  lead  us,  we  may  obtain,  even  at  pre.sfUt, 
a  tolerably  good  approximation  to  a  complete  clas- 
sificatioii;  and  such  a  one,  if  wc  recollect  that  it 
must  he  imperfect,  and  is  to  he  held  as  provisional 
only,  may  lie  of  iu»  .Kinall  vaUie  and  use  to  us. 

The  best  of  the  mixed  systems  produced  by  this 
compromise  again  coraes  from  r-'reibei^.,and  was 
published  by  Professor  Naum:iuu  In  \><2^.  Most  of 
his  orders  have  both  a  diumk'fil  oIuira^^tE'r  and  great 
external  resemblances.  Thus  his  Wtioidtis,  diWded 
into  Unmetallk-  and  MetalUc,  and  these  again  into 
llitdrou^  and  Anfif/dron»,  give  gixid  natural  grtjuje. 
The  most  difficult  minerals  to  arrangr'  in  all  svstems 
are  the  siliceous  ones,  'Jlieso  M.  Naumann  calls 
Sifind*:f.  and  subdivides  them  \^lo  MetaUk.  Vma^ 
iaUir,  and  Awpimtimc  or  mixed;  and  again,  into 
Hffdrou^  ami  An/i^/drtms.  Such  a  system  is  at  least 
a  good  bams  for  fnlure  researches;  and  this  is,  as  we 
have  said,  all  that  we  can  at  present  hope  fon  And 
when  we  recollect  that  the  natural-history  principle 
of  classification  iias  begun,  as  we  have  already  seen, 
to  make  its  appearance  in  our  treatises  of  chemis- 
try, we  cannot  doubt  that  some  progress  is  maLlnfr 
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towards  the  object  which  I  have  pointed  out.  But 
we  kno^  uyl  yH  how  far  wi-  arc*  from  tlio  end.  Tho 
couihrnfition  of  diemicfil,  cry^^tullg^ujitiicat,  |ihy<iii- 
cal  auJ  optical  properties  into  sr»nje  lofty  general- 
ization, is  probably  a  triumph  reserved  for  future 
id  Ulatant  years  (r). 
Coyirjfiaf'm.  ^The  history  of  Mineral t^y,  both 
111  its  successes  anfl  by  its  failures,  teaches  us  this 
li>&son; — that  tik  the  sciences  of  cla^tication,  the 
establishiuent  of  the  ti^ity  of  characters,  and  the 
discovery  of  such  characters  as  are  fixed,  arc  steps 
of  the  first  importance  in  the  progress  of  these 
sciences.  The  recollection  of  this  maxim  may  aid 
us  in  shaping  our  course  through  thehistory  of  other 
scieuees  of  this  kind ;  in  whiclu  from  the  extent  of 
the  subject,  and  the  mass  of  literature  belon^ng  to 
it,  we  laight  at  hrst  almost  despair  of  castiujr  the 
historj'  into  distinct  epochs  and  periods.  To  the 
most  proniincut  of  such  sciences.  Botany,  I  now 
proceed. 
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(i..}  p,  242.  My  Memoir  of  18S5  depended  oa  the 
viewH  of  Haiiy  in  bo  far  aa  that  T  started  from  \m  *' primi- 
tive (ona»  {''  but,  being  a  general  ixictbod  of  eiEpres^Ing  all 
fonoH  hy  CTi-ordimLtcs,  it  nv  verj  Uttle  governed  b;  tboae 
Tiewn-  The  mode  of  rr<prf4ontiag  cryetalHno  forma  tthicb 
r  propoaed  fiwmed  to  uontuin  its  own  evidence  of  btriog 
moro  intti  to  nature?  lliiui  HiLuy's  theory  of  decromcnta. 
iooainuch  an  my  un.'tbod  oxpr&aued  tlitj  Faces  b^  muuh  \<ywet 
tlumborH.  I  dctennine  a  face  by  meAns  of  the  dimeneioDA 
of  the  primary  form  Hi^idfid  hj  certAin  oumberH ;  Hauy 
\\w\  oKpriJd^od  t)io  fuoLi  virtually  by  the  same  ditnotiaiomi 
multqjiiod  hy  nuDibera.  In  v&aeB  where  my  uotatioii  ^rea 
Buoh  Dumbere  aa  {3,  i.  1),  {1,2,7).  (G,  ',  19),  his  methgd 
iriTolvM  tlie  higher  numbera  (4,  3,  12),  (SI,  7,  3),  (19, 
95i  5),  My  mothod  howtrvcr  haA,  I  balicTf;,  little  TaJu«  u 
n  metho<l  of  *^  cuicv/aftHff  thi:  ungltw  of  crvfltalfl." 

M.  NKimiHiin,  i.>(  Koaignburg,  introdui^od  a  very  oon- 
venient  oud  t^Itigont  method  of  reprueentuig  the  |KHitiork  of 
fiLCBfi  of  cryataLi  by  correcpuading  pointu  ou  Uie  eurT&uo  of 
B  circumpcnbing  sphere.  Ho  gavo  (in  1S23)  tbe  JawB  of 
the  derivation  of  isryHtallinc  facoH,  D\prenaed  gcometHcally 
by  the  intersection  of  zones,  (Bifitrdffe  i^r  A'r^BtalloitorHie.) 
The  same  method  of  mdiouting  the  position  of  facf^  of 
cryatals  was  afternarda,  togethor  with  tbo  notalitm,  ro- 
inventi^d  by  M,  Graanmano  (Zur  KrijatalloJtoiitxf  und  Ggome- 
trigc^fn  Cotnhinati<»uUArfi,  183^.)  Aiding  himself  by  tile 
flupgcelii'mfl   of   theso   writere,    and   paftly  mlopting    my 


fiiYTi^    10    ISOOK  XV- 


270 


int'thfjd.  frtjf.  Mil](ir  haa  produceJ  a  work  on  Crystallo- 
graphy rtmarkabie  for  mathcmiLtlcal  elegance  and  ayni- 
motry ;  and  han  givon  esprpaMong  really  useful  for  cdcu- 
l&ting  the  angles  of  crystalline  faces.  {A  Treatvic  on  Cjyt- 

(u.)  p.  243.  1  have,  as  in  the  first  edition,  placed 
Sir  David  Browator's  nrrangcincnt  of  cryHtfillinft  forniii  in 
this  obaptcr,  an  an  event  bolongiiig  to  the  contirnmtion 
of  the  diutiEiHioiLH  of  forms  Jntruduodd  by  Webn  and 
MoliB .  bccaii)4e  that  arrangeuitnt  v.;m  eetubli^hedi  not  on 
cryfltallographica),  but  on  optical  grounds-  But  ^  David 
Brewster's  optical  discnvery  wm  a  ntuch  greater  atep  in 
felloe  than  tho  Byetoms  of  the  two  German  cryatallogra- 
Ifhera;  and  oven  in  reapect  to  the  crystal lographical  prin- 
ciple, Sir  D.  Bn<wstbr  had  an  independent  i^haru  in  tho 
dwooveryn  He  divid^.-d  cTyHtjiltine  forms  into  three  cImbcs, 
<nimierati[ig  the  Haiiian  ^'primitive  formal"  which  belonged 
to  eacih  ;  and  ii?  he  found  eoine  exceptions  to  thin  clnsaifi- 
tioni  (auph  afl  idocntee,  &«.,)  ho  v^turod  to  pPononnoe 
t  in  those  eubetaneea  the  received  priniitive  forms  were 
probably  erroneous  ;  a  judginent  which  wa£  soon  conGrmod 
by  a  closer  cryj^taUogiupliical  scrutiny.  He  ako  showed 
his  perception  of  the  mioeralo^cal  importance  of  his  dw- 
CDvery  by  publishing  it  not  only  in  the  Phil.  Tratin.  (1818), 
but  also  in  the  TrantaefAOtu  af  fhn  Wcraetiaji  ^ocieiy  of 
N^WTikt  Hietiirtfy  In  a  /fevoud  papot  iuBurtt>d  in  this  latter 
icfli,  read  in  ISSD,  he  further  notices  Moha's  System  of 
.Uography,  which  hiul  then  recently  appeared,  and 
ante  out  its  agreement  with  hia  own. 
Another  reason  why  I  ilo  not  nuJLe  thiji  great  optical 
iry  a  earduuLl  ^kuint  in  tho  bistjry  of  crystallography 
w«  that  a^  a  crystal lugrapldi'al  aystem  it  i«  incenkplot«. 
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Although  wif  are  tTius  ]ed  to  dbtingiJipli  the  ieaufar  sinil 
ihrt  prifntafic  Ky^toniH  (ue^ing  Muhb'H  icnufi)  froai  Ihe  tAljui 
ttAirfrof  and  the  ^i^itrv  jrritritatic^  we  are  nyt  led  to  dUtin- 
giiish  tho  letter  tvo  from  each  other ;  inasmuch  a^  they 
hflYC  no  optiejtl  ilifference  of  charncter.  But  this  distitio- 
lion  ill  ijuitfl  i-HHyntia-l  in  cryetallngrnph^T :  ff»r  thi?ao  two 
flyeteiti^  have  faces  ror[]ie<]  by  law«  aA  tliderent  ae  Lhg«e  of 
the  other  two  ay^tenm. 

Moreover,  Wcii«  aad  Moha  not  only  divided  crystal- 
line fof-LTip  iiit^  rcrtnin  cluAr^PA,  hut  r^howrd  that  by  doing 
this,  the  derivation  of  ail  the  existing  fornw  from  the  fun- 
danioutaJ  uiLL^a  usHumciI  a  duw  aB]jeot  of  uimplicity  andgen^ 
rality ;  uiid  this  was  tl>o  u<aential  part  of  what  they  did* 

On  the  otber  hand,  1  do  not  think  it  is  too  much  to 
say^  a&  I  havo  said  in  the  PhUo^ifk^  iiftJi^  Iruluecicft  Soi- 
ffncw,  H.  VMT-  C.  iii.  Art.  3,  that  "  Sir  D.  llrewflter*B  optical 
UTLjxirimuntti  must  bavo  Jed  to  a  classtBeaLion  of  cryetaJH  into 
lihe  above  systems,  or  eoiuetbing  nii^rly  equivalent^  even  if 
they  had  not  been  eo  arranged  by  attention  to  their  furraa,** 

(n,)  p  24(J.  Our  knowledge  ;vilh  respect  to  tho  |>o«i- 
tJona  of  the  optical  aufa  of  oblique  prismatic  cryfiCals  \a 
etill  iniperfeet'  It  appears  to  be  ivcirtained  that,  in 
flingly  obliquu  eryetak,  one  of  the  aKL«  of  optical  ehifitidtj 
coincides  with  the  reetaiigular  crystallographio  anis^  Id 
doubly  oUj<^ue  GryHtals*  one  of  the  axes  of  optical  olostJcity^ 
ia,  in  many  caaca,  coincident  with  the  avia  of  n  prtncipaJ 
zone.  1  believo  no  mope  flctorminate  laws  have  been  dia- 
novt-reil, 

(□.)  p.  34S,  It  will  be  s^t-n  by  the  account  in  thu 
text  that  Prof,  Mitscherlieli's  merit  in  Ihe  great  dacovflry 
of  iHoniorplirsm  is  not  at  all  narrowed  by  the  previous  eon- 
jeatni-i:«  of  M.  h'uelta.      I   am   infnnnedj   niof^'over   tijat 
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A.  FuoHb  afterwards  tin  Sohwoi^^r^e  JnumaF)  rftrncled 
the  opiniona  he  had  put  forwiirda  tin  tbid  subject 

(r.)  p,  277'  For  adilitiona  to  our  bnowlod^  of  tlit- 
►imnrphwrn  of  Bodies,  w.-e  Profosaor  Johnetonp'a  valuable 
on  thai  autjoct  in  Llio  Hiqiotts  aj  ihf  tirilUk  Asm- 
tiatiim  for  1^37,  SulfitaHttn  Lave  alev  beui  founil  wliioh 
are  frimorj'hifla-  We  ow«  to  Profee&Or  Mitsciiei'licb  Llie 
[dix^nveTy  r>f  rllnioqihbm,  or  well  n«  of  isomorphiam  :  wid 
to  him  ilIbo  wi.'  owe  tliti  grantor  part  of  ttie  knowledge  to 

]  do  not  boow  ttiat  J  Lavu  anvtbing  tn  Jidd  to  the 

hifitor)'  of  tljo  I'rognjaa  either  of  Cr^atallography   or  of 

^Uaaificator^    Mineralogy ;    but  I  Di&y  notice  some  of  lhi3 

V'orks  nhioh  have  recently  appeared,  looking  at  them  in 

iti  point  of  vit'W  id  whioh  tho  tiixt  Goiidiicit«  nie- 

it  dvr  NiiienUieji  naeh  tfcr  Krifsiull/tirtttffn.  von 
Cu*lav  Hose-  2.  Auflagu.  BerJin,  1838,  Tbo  gryetal- 
lographic  method  here  a*io[)tt-d  ih,  for  the  moat  part,  that 
Weias-  The  method  of  this  work  has  boon  followed  in 
A  Syife/a  n/  Gryntallc^j-apAy,  utM  itn  Ap/tlicatitme  frt 
Mincralooif-  lly  John  Joeepb  Grifiin.  Glasgow,  IStJ.  Mr, 
friffin  \va£.  howuver,  inodilii.'d  Uiu  notation  of  Rofle.  Tie 
conHimcte^l  a  scr\{i9  of  tnotteU  of  cryrtalline  fornw. 
Frankonhdm''fi  Srfeffia  t^r  A'rr/nfalfe.  1845,  Thie  nark 
adopta  nearly'  the  Mohiiian  Bygtentf  of  ciy stall iution-  It 
vontainfl  Ta,blw  of  tbt'  uhi^mival  comtlltuUvn^  iiLcbnatioiu 
)f  the  axes^  and  ma^iitude  of  the  axes  of  all  the  crjatale 
which  a  diwnption  was  to  he  found,  including  thoeo 
formed  in  the  laboratory,  as  well  af.  thoso  usually  oalled 
riLUUrata^   7ld  ill  bM, 

Fr.   Aug,    Quenntedt,    M^thtdf  rfflr    Kiyntatlfpraphie. 
ISiO.  employt  a  fanWlul  niolhoil  of  repr^EL^nting  a  cjy«lAl 
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bj  projecting  upon  one  bco  oF  tho  oryetAl  aJI  the  other 
facffl.  Thia  invention  app^arA  to  l>o  more  curious  than 
ueeful- 

Thc  Hisrtdfmch  der  OpfH,  von  h\  W.  G.  Radicku,  Bop- 
liiif  1331^1  ooDtaine  a  chapter  on  the  optical  properties  of 
orystolb.  Tlitj  author  a  ehief  authoHty  is  Sir  D-  Brewster, 
as  might  h^  e%pecte<], 

Dr,  Karl  Niu^ruuin,  who  is  Bpoken  of  in  Chap.  ot.  <>f 
thin  Book,  &s  the  author  of  the  best  of  the  Mixed  Systems 
of  Claewlication*  publiflhod  also  Grundritft  der  Krife^Uo- 
//raphie.  Leipzig^  lS2ti.  In  tbia  and  othL^r  worke  ho  mo- 
difies the  notfltion  of  MoIih  in  a  tory  advautageouH  luanner. 

Profeuor  Dan:^,  in  his  SygtffM  <tf  J/vn^ro^y,  New 
Haven  (U-  S.),  1S37«  follows  NaunuuiD  for  the  moat  pitft, 
hoth  in  oryBtalli^^mphy  nnd  in  mineral  dlttpsifinftlion.  In 
tho  iattor  part  oi  the  mibject,  bu  huj*  oiado  tho  attompt, 
which  in  all  castx  is  a  source  of  ooufusion  gad  of  failure, 
to  introduce  &  whole  syHtein  of  new  names  of  tho  membet* 
of  hia  cln^ificatton, 

Tn  the  Philo^op^if  of  th  IndiKtief  Si^wnw*,  B^viri.  C.  iii.. 
I  have  trf?ftted  of  tho  Applicatfon  of  tho  Natnral-biHtory 
Method  of  Clawificfttion  to  Mineralogy,  HJid  have  npoken 
of  the  Syateuu  of  thiH  hiod  which  have  been  propoeed.  1 
have  there  espocijJIy  diacueeed  the  HVetem  [jru[K«ed  in  tJje 
treatise  of  M.  Necker.  Le  Ji^imi  Min&-al  roawni'  aius  J/e- 
tftod^  d'Hittiiire  Natvrdk.  (Parifl,  1835.)  Mor©  reoontly 
have  been  published  M.  Bt!udant''H  Oour*  iUfo^mtain^  fTIfia- 
toin  Natur^Ue  Mineraivgiv.  (Parid.  1H4I);  and  M.  A, 
Dufreenoy's  TraiU  ds  Mineralofiiv.  (Porin,  1B45).  Both 
tliff^e  workij  aru  bo  (ar  governed  by  mere  chemical  views  that 
they  lap@o  into  tho  inconTonicnceB  and  defe<;t«  whtch  am 
■vmded  in  the  best  nystema  of  (lemi.tn  mintirjjogjat*. 
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...    -  Vattmi  oapiuica  qau  rupo  sah  alth 
Vita  canil,  foUuque  notab  at  uumrnn  muDdat. 
QuccuDijue  Id  faliis  deMTi|ait  qiirmJiia  viij;^ 
Digi'rit  in  nnmcrgm  iiiqt\r^  jUiItu  Horlnw  n'liTiqMi* 


Behold  th«  SHiyl  f — Her  who  i^xath  a  loog, 
A  Un^li^,  fidJ,  jtjt  Bwtvdj-flg^'iu^  wd^, 
WoadtcHUi  her  akiU  ;  fbr  luf  on  livif  ahe  frama 
Uacrring  tymbob  and  i3)diinDg  UAiiifti; 
And  aa  bur  nicidy-tDt'OBurud  lirw  hIiq  binds, 
Pot  IftoT  on  Jeof  *  fitCEriK  place  «he  findi  ; 
Thdr  p1ai«  OJire  fouml,  no  more  the  Ifuvu  depart. 
But  £^ed  rttit  ;^ucli  b  hvr  mugic  ul. 


INTRODUCTION. 


WE  DOW  arrive  at  tliat  stuJ^v  wliieli  <»ffers  the 
most  copious  am]  ci}m|jlftto  example  of  the 
sciences  of  claasitication.  J  mean  Botany.  And  in 
this  ca.«e.  we  have  before  iis  a  branch  of  knowledge 
of  which  we  may  siy,  more  |ini|ier[y  than  of  any  of 
ttiL*  seioiiccs  whieh  we  have  reviewed  since  Astro- 
nomy, that  it  has  been  constantly  advancing,  more 
or  less  rapidly,  from  tbe  infancv  of  the  human  race 
to  the  present  day.  One  of  the  reasons  of  this 
reseinhlanee  in  tbi'  fortvines  of  two  studies  ati  whlcly 
dissiniiiar  is  to  be  found  in  a  simplicity  of  principle 
which  thcv  have  in  comnit>n :  the  ideas  of  Likeness 
and  Difference,  on  which  the  knoi\-ledp:  of  plants  de- 
pends are,  like  the  ideas  of  Space  and  Tini(%  which 
are  the  foundation  of  astroaomy,  readily  appre- 
hended with  cKaraess  and  precision,  even  without 
any  peculiar  eulhin'  of  lhf>  intellect.  But  another 
reason  why,  in  the  history  of  Ijotany,  as  in  that  of 
astronomy,  the  progress  of  knowledge  f*irms  an 
unbroken  line  from  the  earliest  times,  isi  precisely 
the  great  difference  of  the  kind  of  knowledge  which 
has  lieen  attained  in  the  two  cases.  In  astromrmy, 
the  discovery  of  geneml  tniths  hegan  at  an  early 
period  of  civilization ;  in  botany,  it  has  hardly  yet 
begun ;  and  thus,  in  each  of  these  departments  of 
study,  the  lore  of  the  ancient  Is  homogencons  with 
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that  nf  the  mndern  times,  though  in  the  onp  casi?  il 
is  acit:Jic;t%  in  the  other,  the  ab^^cncc  of  science, 
which  pervades  all  agGs.  The  resemblaiice  of  the 
form  of  their  history  arises  from  the  diversity  of 
their  materials. 

I  shall  not  here  dwell  further  upon  this  subject* 
but  proceed  to  trace  rapidly  the  progress  of  SpsU- 
7iiatic  Botany,  as  the  classiiicatory  science  is  usually 
denomimitcd,  when  it  is  requisite  to  distin^juish 
between  that  and  Physiological  Bota,ny-  My  own 
imperfect  acquaintance  with  this  study  admonishes 
me  not  to  vcnturt^  into  its  details,  further  than  my 
purpose  abHolutcly  reijuirc'S.  1  trust  that,  by  taking 
ray  views  priuci|jally  from  writers  who  are  generally 
allowed  to  possess  the  best  insight  into  the  science, 
I  may  be  able  to  draw  the  larger  features  of  its 
history  with  tolerable  correctness;  and  if  I  succeed 
in  this,  1  shall  attain  an  object  of  great  importance 
in  my  general  scheme. 
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CHAPTER   I. 
iMAr.rNArtv  Knowledge  op  Plants. 

THE  apprehension  of  such  Jltferences  and  resem- 
blances as  those  by  which  wp  ^oup  tngethor 
and  discriminate  the  various  kind^  of  plants  and 
animals,  and  the  appropriation  of  words  to  mark 
And  convev  the  resultin^r  notions,  must  be  ]>resui>- 
poscd,  as  essential  to  the  very  beginning  of  human 
knowledge,  Jn  whatever  manner  we  imagine  man 
to  be  piaeed  on  the  earth  hy  hfs  Creator,  these  pro- 
cesses ninst  be  couceived  to  he,  as  our  Scriptures 
represent  them^  contumptiraneouft  with  the  first 
exf^rtion  nf  reason,  and  Ihn  first  use  of  speech.  If 
we  were  to  indulge  ourselves  in  framing  a  hjpothe- 
ticaj  account  of  the  origin  of  language,  we  should 
probably  assume  as  the  firKt-formed  words,  those 
which  depend  on  the  visible  likeness  or  unlikeness 
of  objects;  and  should  arrange  as  of  subsequent 
formation,  those  terms  which  imply,  bi  the  mind, 
acts  of  nider  combjuatioii  and  higher  abstraetion- 
At  any  rate,  it  is  certain  that  the  uanies  of  the 
kinds  of  vegetables  ami  animals  are  very  ai)undant 
even  in  the  most  uncivilized  stages  of  man's  career. 
Thus  we  are  informed'  that  the  inhabitants  of  New 

Zealand   havn  ;i  distinct  name  of  everv  tree  and 

■ 

plant  iti  their  island,  of  which  there  arc  si%  or  seven 
hundred  or  more  different  kinds.     In  the  accounts 
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of  tht^  rudost  trihos,  in  the  earliest  legends,  pnctry, 
and  literature  of  nations,  pines  and  oaks,  roses  and 
violets,  the  olive  ami  the  vine,  and  tho  thoiisaDd 
otker  productions  of  tbe  e-artlj,  have  a  place,  and 
are  spoken  of  in  a  manner  which  a,ssume>^  Uiat  in 
mr\\  kinds  of  natural  r}hji?<rts,  permanent  and  infal- 
lible <listuicttons  had  been  observed  and  universally 
recognized. 

F(.T  a  long  period,  it  was  cot  suspected  that 
any  ambiguity  or  confusion  could  arise  ■from  the  use 
of  such  terms;  and  when  such  inconveniences  did 
occur,  (as  c^en  in  i-iiHy  times  tlic^  did,)  men  were 
far  fr<mi  divininf,'  that  the  proper  remedy'  was  the 
ennstructiiin  of  a  science  of  L-hissiiicatioiL  Tlie  lo(>se 
and  iTisecure  terms  of  the  language  of  common  life 
retained  their  place  in  botany,  long  after  their  de- 
fects wen;  severely  felt:  for  instance,  the  vayuo 
and  unJiri entitle  distinction  of  vegetahh-s  into  tfeen, 
xhrith^,  and  herbs,  kept  its  ground  till  the  time  of 
Linnrcus. 

While  it  vnis  thus  ima;»inefl  that  i\\*?  identification 
of  a  plant,  by  uieans  of  its  name,  rnigfit  pni|)crly  he 
trusted  to  the  common  uncultured  faculties  of  the 
mind,  and  to  what  we  may  call  the  instinct  of  lan- 
gua^,  a!l  the  attejition  and  study  whit^h  wpre 
bestowed  on  such  objects,  were  naturally  emi)lo}e<l 
in  learnings  and  thinking  ujK)n  such  circumstance* 
respecting  them  as  were  supplied  by  any  of  the 
common  channels  through  which  knowlcilg^  and 
opinion  flow  into  men's  minds. 


tMAGlNARV    KNOWLEDGE. 


269 


The  reader  need  hardly  be  reminded  that  in  the 
earlier  periods  of  man's  mental  ciihiire,  he  acquires 
those  opinions  on  which  he  loves  to  dwell,  nut  by 
tlie  exercise  of  obsen'atioD  suhordinate  to  rea-son  i 
hut,  far  more,  hy  his  fancy  and  his  emotions,  his 
love  of  the  marvellous,  his  hopes  and  fears.  It 
cannot  surprize  U5,  therefore,  thai  the  earliest  lore 
concerning  plants  \ihidi  we  discover  in  the  records 
of  the  past,  consists  of  niytholoeieal  legends,  marvel- 
lous relations,  and  extraordinary  medicinal  quali- 
ties. To  the  lively  fancy  of  the  Greeks,  the  Nar- 
gIesus,  which  beuds  its  head  over  the  gtream,  was 
orig;inally  a  youth  who  in  such  an  attitude  became 
enamoured  of  hi  a  own  beauty:  the  hyacinth^  on 
whose  petals  the  notes  of  gjief  were  traced  (A  i,  ai), 
recorded  the  sorrow  of  Apollo  tor  the  de^lh  of  his 
favourite  ?!y,teinthus :  thr  heautiful  hitOK  of  ^ndia^ 
which  floats  with  its  splendid  flower  on  the  surface 
of  the  water,  is  the  chosen  seat  of  the  goddess 
Lack^hmi.  the  daughter  of  Ocean*.  In  Egypt,  too\ 
Osiris  swam  on  a  lotus-leaf,  and  Harpocrates  was 
cradleti  in  one.  The  Uttus-eaters  of  Komer  lost 
immediately  their  love  of  home.  Every  nne  knows 
how  easy  it  would  be  to  accumulate  such  tales  of 
wonder  or  religion. 


'  Liliiun  martogim^ 

Ipw  «uoi  gomitUfl  follia  inerribit  ct  a  r,  a  t, 

fldfr  liiibet  inscriptiiiii  fitiipstacjiifi  lilem  dlicta  eat.     OvtD. 

*  Kvluinbjum  ajiedin^uin- 

'  Sprongel   GwrAicAfr  rffrBo/flur*,  i,  27,  *  lb.  i.  iffl, 

vol-  ni.  U 
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Those  who  attondc*!  in  tfic  eWects  t>f  pi 
might  discover  Id  tbeni  some  medicinal  properties, 
and  might  casilv  imagioe  more ;  and  whea  the  love 
of  the  maneiious  was  added  to  the  hope  of  health. 
tt  is  easy  to  belicvo  that  mm  would  bo  very  crc- 
dulousK  We  need  no!  dweU  upon  the  examples  of 
this.  In  Pliny's  Introduction  to  that  book  of  liis 
Natural  History  which  treats  of  the  mediciDal 
virtues  of  pla-uts,  Iil*  says%  "Autiqulty  was  so  much 
struck  with  the  properties  of  liurbi  that  it  artirmed 
things  incredible,  Xartthus^  the  historian,  says, 
that  a  man  killed  by  a  dragon,  will  be  restored  to 
life  by  an  herb  which  he  calls  balifi ;  and  that 
Thylo,  when  killed  by  a  dragon,  was  recovered  by 
the  siimc  plaut,  D<'mooritus  sissorted,  and  Theo- 
phrastus  bflicved,  that  there  was  an  herb,  at  the 
touch  of  which,  the  wedge  which  the  woodman  liad 
drivL'n  into  a  tree  would  Ipap  out  again.  Though  we 
cannot  credit  these  stories,  most  persons  believe  thai 
almost  an\thing  might  he  effected  by  means  of 
herbs,  if  their  urtties  were  fully  known."  How  far 
from  a  reasonable  estimate  of  the  realitv  of  sueh 
virtues  were  the  persons  who  entertained  this  beliet 
we  may  judge  from  the  many  superstitious  observ- 
ances which  they  associated  with  the  gathering  and 
using  of  medicinal  plants.  TheophrastUB  speaks 
of  thtjse^:  "The  drug-sellers  and  the  rhi;^otoiiiists 
(root-cutters)  tell  us."  he  says,  "some  things  which 
may  be  true,  but  other  things  which  are  merely 

'  Lib,  iKv.  5.  '  De  Pimtii^  ii.  9. 


IMAGINARY    KNOWLEDGE. 


291 


soTomn  quackery';  thus,  they  direct  us  to  gather 
somi?  plants,  stamliiif^  Crom  tln>  wind,  and  with  our 
bodi'-'s  anoint'.'d;  some  by  night,  sooip  by  day,  some 
before  the  snn  fal!s  on  them.  So  far  there  may 
be  sotnethmg  in  their  rules.  But  others  are  too 
&nta5tLcal  aod  lar-tetclked.  It  iSj  perhaps,  not  ab* 
surd  to  use  a  prayer  in  phiekin^  a  plant;  but  they 
go  fiirtluT  than  tliis.  Wc  arr  to  draw  a  sword 
three  times  round  the  maiidragora.  and  to  cut  it 
looking  to  the  westi  again,  to  dance  round  it,  and 
to  use  obscene  language,  a^  tfiey  sav  those  who  sow 
rrumin  should  utter  blasphemies.  Again,  we  are 
to  draw  a  line  roimd  the  black  hellebore,  standing 
to  the  cast  and  praying;  and  to  avoid  an  eag'le 
dtlier  <m  thr  rij^bt  or  on  the  left ;  for  say  ibcy,  '  if 
oil  eagle  be  near,  the  cutler  will  die  in  a  year/  " 
B  This  extract  may  serve  to  show  the  extent  to 

^■vhich  these  imaginations  were  prevalent,  and  the 
^Kpanner  in  whitth  thny  wore  looked  upon  by  Theo- 
^^pbrastus,  our  Hrr^t  great  botanical  author.  And  we 
may  now  consider  that  we  have  given  sufficient 
attention  Ui  those  fables  ^nd  superstitions,  which 
have  no  place  in  the  history  of  the  progress  of  real 
knowledge,  except  to  show  the  strange  chaos  of 
lid  tancics  and  legends  out  of  which  it  had  to 
emerge.  We  proceed  to  trata;  tlie  history  of  the 
nowlcdge  of  plants. 


xia 


ai>2 


CHAPTER   11. 

Unhystkmattc  Knowledge  of  Plants. 

A  STEP  was  made  towards  the  formation  of  the 
Science  oi'  Plants  although  uiidoubtodl}'  a 
sli;i;ht  one,  as  booh  as  men  began  to  collect  iiifor- 
nmtion  <'unnemiDg  them  and  their  properties,  from 
a  love  and  reverence  for  knowledge,  independent  of 
the  passion  for  tho  majvollou.s  and  the  impulse  of 
practical  utility.  This  step  was  very  esirly  n\n.de. 
The  '*  wisdom"  of  Solomon,  and  the  admiration 
which  was  bestowed  upon  it,  prove,  even  at  that 
period,  such  a  working;  of  the  speculative  faculty: 
and  we  are  told,  that  among  other  ovid^ncos  of  his 
being  "wiser  than  all  men,"  "ho  spake  of  trees, 
from  the  cedar-tree  that  is  in  Lebanon  even  unto  the 
hyssop  that  spriugeth  out  of  the  wall""  The  father 
of  history,  Herodotus,  shows  ua  that  a  taste  for  na- 
tural hi,?tory  had,  in  his  time,  fonnd  n  place  in  the 
minds  of  the  Greeks,  in  speaking  of  the  luxuriant 
vRgetation  of  the  llabybnian  plain',  he  is  so  ^ 
Ironi  desiring  to  astonish  merely,  that  he  says  ''the 
blades  of  wheat  and  l>arley  are  full  four  fingers 
wide ;  but  os  to  the  size  of  the  trees  which  grow 
from  millet  and  sesame,  though  I  could  mention  it, 
I  wiil  not :  knowing  well  that  those  who  have  not 
been   in  that  country  will  hardly   believe  what  1 


1  King^  h.  33» 
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'^  -said  alread^y.'*  He  thcJi  proceeds  to  descrrbp 
somo  remarkable  circumstancus  respecting  the  fer- 
^tiltzation  of  tlit-  datp-[iahns  in  Assyria. 

Tliis  curlouEi  and  iL(^iv<^  spirit  of  tho  Groekfl  led 
rai>idlj,  as  we  have  seen  in  other  instances,  to  al- 

i'mpta  at  collecting  and  systematizing  knowledge 
a  almost  every  subject:  aod  in  this,  as  iu  almost 
i't*ry   othor  di^partmont.    Ari&totk   may   b**  fixed 
pon,  as  the  TL-ptosentalive  of  the  highest  stage  of 
uowledge  an<l  system  which  they  ever  attained, 
i\\e  vegetable  kingdom,  like  every  other  province 
^■pf  nature,  was  one  of  thi^  fiHds  of  the  lahonrs  of 
this  universal  philosophic.     Bnt  though  his  other 
orks  on  natural  histi:>ry  have  come  down  to  us, 
,nd  are  a  moiif  valuable  monvmient  of  the  state  of 
such  knowledge  in  his  time,  bis  Treatise  on  Plants 

If  lost     The  book  Da  Plaittk^  which  appears  with 
is  name,  is  an  imposture  of  the  middle  ages,  full 
f  errors  and  absurdities\ 
tJis  discipU'.  friend,  and  successor,  Thcophrastus 
f  Eresos  is,  as  we  have  said  aln^ady,  the  first  great 
wTiter  on  botany  whose  works  wc  possess;  and,  as 
y  be  said  in  most  cases  of  the  first  groat  writer. 
offers  to  us  a  richer  store  of  genuine  knowjpUge 
good  sense  than  all   his  successors,     Rul  we 
in  him  that  the  Greeks  of  his  time,  who  aspired, 
as  we  have  said,  to  collect  and  aps^^mftthe  a  body 
of  infonnatioD  on  every  subject,  failed  in  one  half 
of  their  object,  as  far  as  related  to  the  vegetable 

'  Hirbdl,  ihUfiitiiif,  ii,  505, 
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world  Their  attempts  at  a  aystcinatic  distributloiT 
of  plants  UTre  altogether  fiitiJe.  Althoo^^h  Aris- 
totle's divisions  of  tho  animal  kingdom  are«  even  al 
this  day,  looked  upon  wilh  admirutiou  by  the  best 
naturalists;  tho  arrangemGuts  and  coinparisuns  of 
plants  which  wore  contrived  by  Theophrastiis  aad 
his  successors,  have  not  left  the  slightest  trace  in 
tho  modern  form  of  the  scionoe:  and,  thorofoPC, 
according  to  our  plan,  are  of  uo  importance  in 
our  history.  And  thus  we  can  treat  all  the  miscel- 
laneous 'mformation  cciucerning  vegetables  which 
was  acRurnulated  by  the  whole  of  this  school  of 
writers,  in  no  other  way  than  as  somethiTig  ante- 
cedent to  the  first  progress  towards  systtraatic 
knowledgpe. 

The  information  thus  collected  bv  the  unsyste- 
matic writeris  Is  of  various  kinds;  and  relates  to 
the  economical  and  medicinal  uses  of  plants  their 
h&bits,  mode  of  cultivation,  and  many  other  cb^ 
cunietances :  It  frequently  includes  some  descrip- 
tion; but  this  i-s  ahvriv.s  extroniHy  inipeil'put,  becausi- 
the  essential  cotuiitions  of  description  had  not  been 
discovered.  Of  works  composed  of  materials  so 
heterogeneous,  it  can  be  of  little  use  to  produce 
specimens;  but  I  may  quote  a  few  words  from 
Thoophrafitufi,  whicb  may  serve  to  connect  him  with 
the  future  histeiy  of  the  science,  as  bearing  upon 
one  of  the  many  problems  respecting  the  ideutifi- 
catiou  of  ancient  and  modern  plants.  R  has  beijn 
made  a  question  whctluT  the  Ibllowing  description 
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uot  refer  to  tho  pt»tiito'.  He  is  speaking  of 
e  differences  of  roots :  "Some  roots,"  he  saya,  "  are 
stilt  diHereat  from  those  which  have  beeu  described; 
as  that  of  the  ururJiidufi''  plaut :  for  this  bears 
fruit  under-ground  as  woll  as  abovu ;  the  flijshy 
part  sends  one  thick  root  deep  int«  the  gri>und,  but 
the  others,  whith  liear  the  fruit,  are  more  slender 
d  higher  up,  and  ramiBed.  It  loves  a  sandy  soil, 
d  has  no  leaf  whatever.' 
The  books  ol'  Aristotle  and  Theophrastus  soon 
k  the  place  of  the  Book  of  Nature  in  the  atten- 
on  of  the  degenerate  philosophers  uho  succeeded 
em.  A  story  b  told  by  Strabo''  concerning  the 
of  the  works  ^if  these  great  naturalistSn  In 
:lie  case  of  the  wars  and  changes  which  occurred 
among  the  successors  of  Alexander,  the  heirs  ol" 
Theophrastus  tried  to  secure  to  tiiemselves  his 
books,  and  tho>se  of  hir^  master^  by  burying  them  in 
e  ground.  There  the  manuscripts  suffered  much 
&om  damp  and  worms;  till  ApolJonicon,  a  book- 
coUoctor  of  those  days,  [lurehased  tlLoni^  and  at- 
tempted,  in  his  own  way,  to  supply  what  time  had 
obliterated.  When  Sylla-  marched  the  lloman  troops 
^^to  Athens,  he  took  possession  of  the  library  of 
^Bj>o1]onicon ;  and  the  works  which  it  contained 
^vere  uoop  eirt^ulateil  among  the  learned  of  Rome 
t  and  Alexandria,  who  were  thus  enabled  to  Aritikt- 
'  on  botany  as  on  other  subjects. 


^' 


-  Thw>ph.i.lL 

*   M"it  pTnbftbly  ttir  ArncfiHiK  h'/jiogira,  fi  jp™i"J-niit, 

'  t>trabu,  lib- xiii  c-],$ri4.  '  Apimmt^i^t^v. 
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The  library  collected  b)'  the  Attalir  kings  of 
Pergamu&f  and  the  Alexandrian  hfuseuin,  founded 
and  supporlfd  hy  the  Pltilcniies  of  R^'j-pl,  rather 
tuattred  the  com numta tori al  spirit  than  promoted 
the  incn-aac  of  an^  rral  knowledge  of  nature.  The 
H^nnana.  in  this  as  in  oilier  subjects,  were  practical 
not  speculative.  They  had,  in  the  limes  uf  their 
national  vigour,  seviTfil  writers  on  agriculture,  wfio 
were  highly  eeteemed;  hut  no  author,  till  we  come 
to  Pliny,  who  dwells  on  the  mere  knowledge  of 
plants.  And  even  in  Pliny  it  is  easy  to  perceive 
that  we  have  before  us  a  writer  who  extracted  his 
information  principally  from  books.  This  remark- 
able man",  in  the  middle  of  a  public  and  active  life, 
of  campaigns  and  voyages,  contrived  to  accumulate, 
by  mndiiig  and  fitudy,  an  extraordinary  store  of 
knowJL-dge  of  all  kinds.  So  uikwiUiug  was  lie  to 
have  his  reading  and  note-making  interrupted,  that 
even  before  day-break  iu  winter,  and  firom  his  lit- 
ter H-ifi  he  travelled,  he  wa^  wont  to  dictate  to  \m 
itniaTuteusL^,  who  was  obliged  to  preserve  hit)  ham) 
from  the  numbness  which  the  cold  occasioned,  by 
the  use  of  gloves'. 

It  has  been  ingeniously  observed,  that  we  may 
find  traces  in  the  liotanieal  part  of  his  Natural 
History,  oflhe  errours  which  this  hurried  and  broken 
habit  of  study  produced;  and  that  he  appears  fre- 
([uently  to  have  had  books  read  to  him  and  to  have 
heard  them  amiss*".      Tlius,  among  several  olher 

'  IjprL-ngcl,  i   163  '  Plin.  Jun,  Epitt  3.  5 
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^ea.  Tlieophrastus  having  said  that  Ibe  plane- 

'h  iiL  Itil^v  ran^''.  F]iny>  misled  by  the  arnillaritv 

^f  the   Greek  weird   [a'panrait^   vnr^s).  says  that  tiic 

occurs   in  Italy  and  Spain^V     Hik  work  has, 

ith  great  propriety,  been  called  the  Encyclopedia 

Antiquity ;  and,  in  trutlu  there  are  few  portious 

the  learDing  of  the  times  to  which  it  does  not 

^fer.     Of  thp   thirtv-wr^ven  Books  of  whi(^h  it  con- 

^jists,  no  less  thau  mteen  (trom  ihe  twelfth  to  the 

^Bueiity-sevenlh)  relate  to  plants.     The  inforuiation 

^Khiti:)!   is  cxdlected   iu  these  books   ^  ^^  the  most 

misE^ellaneous  kind;  and  the  author  mlmits,  with 

little  distinction,  truth  and  errour,  useful  knowledge 

^^Uid  absurd  tables.     The  declamatory  style,  and  the 

^■Kiinprehensive  and  lofty  tone  of  thought  which  wc 

^^ftve  already  spoke[)  of  as  charaeteri^ie   of  the 

Roman  writers,  are  peculiarly  observable  in  him. 

The  mauner  of  bis  death  is  well  known :  it  was 

uctTasloned  by  the  (?ru|)tioD  of  Vesuvius,  a,d.  7[I,  to 

whiHi,  in  his  curiusity^  he   ventured   so  near  as  to 

^b(<  suffocated. 

^P      Pliny's  work  acquired  an  almost  unlimited  autho- 
rity, as  one  of  thn  standards  of  botanical  knowledge, 
ill  the  middle  ages;  but  even  more  than  his,  that  of 
Hliij?  contemporary,  Pedanius  Oioscoridcs,  of  Anazar* 
^fcus  in  Cilicia-    This  w<irk,  w^ritten  id  Greek,  is  held 

itrAif* '(jjI  TO  Ajr>firjcDLi«t 'ti'Ui',  (Tiru  K'u  V  ti  kee'i   lv 'ItuXjd   -naa^. 

"  PUu-  Nat.  Hint.  xii.  'X    Et  aUae  (pbtanot)  fuiiwe  in  lU^iu, 
■A'  nqlnhkalim  ilUpania.  apiid  nuctcnie  invcnLtur. 
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by  the  best  judj^es"  to  offer  no  evidence  that  the 
author  obs<?rvoJ  Tor  lunihreif.  Yt^X  hn  s-iys  expressly 
in  his  Preface,  that  hii^  love  of  naturaJ  history,  atul 
his  military  life,  have  led  him  into  many  countries, 
in  which  he  has  had  opportunity  to  become  ac- 
(juaitited  with  the  nature  of  herbs  and  trees'^  lie 
speaks  o\'  si.\  hundred  plants,  but  often  indleatrti 
only  their  names  and  properties,  g'lving  no  descrip- 
tion by  which  they  can  be  identified.  The  maiu 
cause  of  his  great  reputation  in  eubsequeat  times 
was,  tiiat  he  says  much  of  the  luedidiial  virtues  of 
ve^tahiea. 

We  come  now  to  the  ages  of  darknessi  and 
lethargy,  when  the  habit  of  origitial  thought  seems 
to  die  away,  as  the  talent  of  original  observation  had 
done  beforen  Commentators  and  mystics  succeed]  to 
the  philosophical  naturalists  of  better  times.  And 
though  a  new  race,  altogether  distinct  in  blood  and 
character  frum  the  Greek,  appropriates  to  itself  the 
stores  of  (rrt'ciau  learning,  this  movem*?nt  does  not. 
as  might  hv  expected,  brt^ak  the  uliaius  of  literarv 
slavery.  The  Arahs  bring  to  the  cultivation  of  the 
scicDce  of  the  Greeks,  their  ott^n  oriental  habit  of 
tiubniisiiion,  their  oriental  love  of  wonder;  and  thui& 
while  they  swell  the  herd  of  eommentatora  and 
mystics,  they  produce  no  philosopher. 

Yet  the  Arabs  discltarged  an  important  iiinction 
\u  the  history  of  human  knowledge'*,  by  preserving, 
and  transmitting  to  more  enliglitened  times,  the 

■"  MirbcL  5m  '"  tlproDgi'L,  i,  \M.  '*  Ih.  I  9D3, 
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mtellfctual  treasures  of  antiquity.     The  unhappy 
Jiswtnsiona  whldi  tiic»k  plat;^;  in  the  Christian  churdi 
had  scuttcreii  tlir-sc  treasures  over  the  East,  at  a 
period  much  antecedent  to  the  rise  of  the  Saracen 
power.      In   the  fifth  centurv,   the  adherents   of 
Nestorius,  bishop  of  ConstantLDople.  were  declared 
hert'tie^l  hy  the  Council  of  Ephcsus  (a  n,  4;J1,)  and 
ven   iiitfj   ('.\ile.      In  this   mjinner,  inanv   of  the 
ost  learned  and  iDgeDJous  men  of  the  Christiao 
world  were  removed  to  the  Euphrates,  where  they 
formed  the  Chuhh-Aiif  c^Jiuroli*  tTocted  the  oi^lehrated 
Nestorian  school  of  Edegm.  and  gave  riae  to  nianjr 
ol&ets  from  this  in  various  re^doDS.    Alreadv.  in  the 
fifth  century,  Hihaa,  Curaas,  aod  Probud,  translated 
tke  writings  of  Aristotle  into  Syriac.  But  the  learned 
Gstorians  paid  an  es^tecial  attention  to  the  art  of 
ioe,  and  wert'  th<'  most  zealous  students  of  the 
H'orks  of  the  Greek  physicians.     At  Bjondisabor,  id 
Khusistaiu  they  became  an  ostensible  ntedical  school, 
who  distributed  ai^suh  inie;j.l  honours  as  thti  rt^sult  of 
ubiic  disputations.     The  caiiis  of  Bagdad  heard  of 
0  fame  and  the  wisdom  of  the  doctors  of  Ujondis- 
;  summoned  some  of  tljem  to  Bagdad,  and  took 
tacatiuros  for  the  foundation  of  a  school  of  leannug 
that  city.     The  value  of  the  skill,  the  ]<?aruiiig, 
I  the  virtues  of  the  Nestorians.  was  so  strrmgly 
U,  that  they  were  allowed  by  the  Mohammedans 
e  &ee  exereise  of  the  Christian  religion,  and  m- 
trusted  with  the  conduct  of  the  studies  of  those  of 
e  ilnslemiu,  whose  education  u^is  most  cared  for. 
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The  afBnitv  of  the  Syri^e  and  Arabic  languages 
madu  tijc  task  of  instruction  mc»ro  easv.  The 
Ncstorians  translated  the  works  of  tile  ancients 
€ut  of  the  former  into  the  latter  language;  hence 
there  are  still  found  ,\rabic  manuscripts  of  Diosco- 
ride.s^  with  Svriae  words  in  the  margin.  Pliny  and 
/Vristfltle  likrwisc^  assumed  an  Arahic  dress;  and 
were,  as  well  as  Dioscorrdes,  the  foundation  of 
instruction  in  all  the  Arabian  academies;  of  whieh 
a  grt^at  numher  were  established  throughout  the 
Saraeen  empre,  fr<tni  Bokhara  in  the  remotest  east, 
to  Marocco  and  Cordova  In  the  west.  After  some 
time,  the  Mohammedans  themselves  began  to  trans- 
late and  extract  from  their  S)Tiac  sources;  and 
at  length  to  write  works  of  their  own.  And  thus 
arose  vast  librorieH,  sneh  as  that  of  Cordova,  which 
contained  250,000  volumes. 

The  Neslorians  are  stated"  to  have  first  nstar 
bli^hed  among  the  Arabs  those  eolleetions  of  medi- 
cinal Hubstan("<?s  {Apoikt't:o'\  from  which  our  term 
ApoOii'carif  is  taken;  and  to  have  written  books 
{Dispenmtoria)  containing  systematic  instructioDs 
for  the  enijiloyment  of  these  medieamonts ;  a  word 
which  long  continued  to  be  applied  in  the  same 
sense,  and  which  we  also  retain^  though  in  a  modi- 
fied application  {Dispell a/ir^). 

The  directors  of  these  collections  were  supposed 
to  be  intimately  accjuainted  with  plants ;  and  yet,  in 
truth,  the  knowledge  of  plants  owed  hut  little  to 
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them  ;  for  i\k:  Arabic  DiuscoriJes  was  lli(?  source  and 
slatuJard  of  their  knowledge.  The  Hourishing  eom- 
raerce  uf  thf  Arabians,  their  Duiuerous  and  distant 
journeys,  made  them,  no  doubt,  praetieally  acquaint- 
ed with  the  productions  of  laud^  unknoAu  to  the 
Greeks,  ami  Romans.  Their  Nestoriaii  teaehera  had 
wrtablished  Christianity  evea  as  far  as  China  and 
Malflhar;  and  their  travellers  mention^'  the  cam- 
phor of  Sumatra,  the  aloi."-wood  of  Socotra.  near 
Java,  the  tea  of  Cfiina.  But  tbey  never  learned  the 
art  of  converting  their  practical  into  speculative 
koowledgi?.  They  treat  of  plants  only  in  so  far  as 
their  use  in  medicine  is  concerned  ",  and  follow  Dios- 
corides  in  thti  description,  and  evnn  in  the  order  of 
the  plants,  exc*'pt  when  they  arrange  theni  aecord- 
ijig  to  the  jVrabic  alphaliel.  With  little  clearness  of 
view,  they  often  mistake  what  they  read":  thus 
when  Dioscorides  says  that  liguvtimn  grows  on  the 
Apvninne,  a  mountain  not  far  from  the  Alps: 
Avicenna,  misled  by  a  resemblance  of  the  Arabic 
letters,  quotes  him  as  saying  that  the  plant  gro^s 
ou  Akiihia^  a  mounla-iu  near  Efjifpi. 

It  is  of  little  use  to  enumerate  such  writers.  One 
of  the  most  noted  of  them  was  Mesne,  physician  of 
the  Calif  of  Kabirah.  His  work,  which  was  trans- 
lated into  T^atiri  at  a  later  period,  was  entitkd,  On 
Sivtple  Medichiea :  a  titl*^  which  was  common  to 
many  medical  treatises,  from  the  time  of  Galen  in 
the  second  century.  Indeed,  of  this  opposition  of 
"  Sj^rengel,  i.  3)6.  "  IL.  i.  2t>7.  '"  lb- i.  211. 
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simp/e  citicl  coiitpoHinl  modicines,  we  still  liave  traci's 
in  our  lan^age: 

And  fthow   rap  timpUt   nf  a  tlinuaand  nflmcfl, 

MiLTuTii,  Comiu. 

Where  the  subject  of  our  history  is  so  entirelv  *l 
a  stand,  it  is  unprofitable  to  dwell  on  a  list  of  Dames. 
The  Arabians,  small  as  their  science  was,  were  able 
to  instruct  tin.'  Christians.  Their  writings  wero  trans- 
lated by  leAirDed  Huropeans,  for  instance.  Michael 
Scot,  and  Conslanline  of  Alrica.  a  Carthigiman  who 
had  Uvod  fcrtj'  years  among  the  Saracens'",  and  who 
died  A.D.  10^7.  Among;  his  works,  is  a  TreMi^e. 
Dt!  Gradibwf,  which  contains  the  Arabian  mcdtcitial 
lore.  In  the  thirteenth  century  occur  Encyclopte- 
dias,  as  that  of  Albertns  Ma^us,  and  of  ViDcent  of 
Deauvals;  but  these  contain  no  natural  historj 
except  traditions  and  fables.  Even  the  ancient 
writers  were  altogether  perverted  aiid  disfigured. 
The  Dioscorides  of  the  middle  ages  varied  mate- 
rially from  ours".  Monks,  merchants,  and  adven- 
turiTK  travelled  far,  hut  knowledge  waa  little  in- 
creased, Simon  of  G<.^noa'\  a  writer  on  plants  in  the 
fourteenth  century,  biiasts  that  he  perambulated  the 
East  ii>  order  to  collect  plants.  "Vet  in  hisClatii 
Sanationis"  says  a  modem  botanical  writer",  "we 
discover  no  trace  of  iin  acquaintance  with  nature, 
lie  merely  compares  tin.:  Greek.  Arabic,  and  Latin 

-  Sprengel,  i.  S.TO.       ='  Ih,  i.  ^^.       "  lb.  i.  24L      "  lb,  tU 
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los  of  plants,  and  gives  tlieir  modtriTial  etFeot 
after  his  prede<:essors ;" — so  little  true  is  it,  that  the 
use  of  the  senses  ajoue  necesfiarilj  leads  to  real 
knowledge. 

I      Though    the    growing    activity   of  thought    in 
Europe,    and  the    revived   acjjuaintance    with   the 
authors  of  Greece  iTi  their  genuine  fonn.  were  gra- 
duailv  dispelling  the  intellectual  elouds  ut'  the  mid- 
dle apofj,  vet  during  the  tiftecntli  century,  botany 
Biakes  no  approach  to  a  seientiric  fornin  The  greater 
of  the  literature  of  this  subject  consisted  of 
[erbak.  all  of  whieh  were  formed  on  the  same  plan, 
'and  a|HH.*ared  uiidor  titlus  such  a.s  I/o7'frtitj  or  Orlus 
SanitrtlU.      Then'  are,  for  example,  three-^'  sueh 
.German  Uerbals,  with  wood-cuts,  which  date  about 
l4yo.    But  an  important  peculiarity  in  these  works 
is,  th^  the^>  contain  some  indigenous  fpecies  placed 
ai<le  by  side  with  thn  old  ones.    Tn  15l(i,  The  O'rets 
//rr^-'/ was  published  iu  Knglaud,  also  with  wood- 
cuts.    It  contains  an  account  of  more  than  four 
lundreil  vegetables,  and  their  products;  of  which 
me  hundred  and  litity  are  F^nglish,  and  are  uo  way 
distinguished  from  the  esotics  by  the  mode  in  which 
they  are  inserted  in  the  work, 

kU'e  shall  see,  in  the  nest  Chapter,  that  when  the 
lUcct  ol'  Eurojie  began  really  to  apply  itself  to  the 
ervatiou  of  nature,  the  progress  towards  gcniune 
ocience  soon  began  to  be  visihle,  iti  this  as  (d  other 
subjects;   but  Ijetore  this  tendency  could  operate 
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treely,  the  liJatory  of  hotmij  wa^  dt-stined  in  show,  in 
another  instance,  how  much  more  gratefiil  to  man. 
even  when  roused  to  intelligence  and  activity,  is  tbc 
study  of  tradition  than  the  study  of  nature.  When 
the  scholars  ol"  Europe  had  beuome  ac<|uaintod  with 
the  genuine  works  of  the  anciouta  In  the  original 
languages,  the  pleasure  and  admiration  which  they 
felt,  led  them  to  the  most  zealous  endeavours  to 
illustrate  and  apply  what  thi^j  read.  Tliey  fell  into 
the  errour  of  supposing  that  the  plants  described 
by  Thoophrastus,  Dioacorides,  Fliuy,  must  be  those 
which  grew  in  their  own  fields.  And  thus  Rui^ 
lius'\  a  French  physician,  who  only  travelled  in  the 
environs  of  Paris  nrd  in  Picardy.  imagined  that  he 
found  there  the  plants  of  Italy  and  Greece.  The 
originators  of  genuine  botany  in  Germany,  Brunfels 
and  Traj;us  (Bock),  committed  the  seuhc  mistake; 
and  hence  arose  the  misapplication  of  classical 
nanieK  to  many  genera.  The  labours  of  many  other 
learned  men  took  tlie  same  direction,  of  treating 
the  ancient  writers  as  if  they  alone  were  the  sourcee 
of  knowledge  and  tmth. 

But  the  philosophical  spirit  of  Europe  was  al- 
ready too  vigorous  to  allow  this  superstitious  erudi- 
tion to  exercise  a  lasting  sway.  Leoniceniis,  who 
taught  at  Ferrara  till  he  waa  almost  a  hundred  years 
old,  and  dird  iu  Lj24",  disputed.  wJlli  ^^reat  free- 
dom, the  authority  of  the  Araiiian  writers,  and  even 
of  Pliny,     He  saw,  and  showed  by  many  examples, 

*"  Be  Naiiira  f>tirp\um,  IfjSfl.  **  fiprengel,  i,  262- 
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how  little  Pliny  himselJ"  knew  of  nature,  and  bow 
manj^  errimrfi  Uc  liad  muilu  or  transmitted.  The 
same  iQdei>endfince  oftliougbt  with  regard  to  other 
ancient  writers,  was  manii'ested  by  other  scliolars. 
Yet  the  power  of  ancient  authority  melted  away 
but  gradually.  Thus  Antonius  Brassavola,  who  esta- 
blished on  the  banks  of  the  Po  the  !irst  botanicjil 
garden  of  modern  times,  published  in  153G,  his 
Examm  omnium  Siwplicium  Miuiicam^iitor-um : 
aud,  as  Cuvier  says^',  thougli  he  studied  plants  in 
nature,  his  book  (written  in  the  Platonic  form  of 
dialogue,)  has  still  the  character  of  a  commentary 
on  the  ancisnts. 

The  Germans  appear  to  have  been  the  6rst  to 
liberate  themselves  from  this  thrahloin,  and  to  pul}- 
lish  works  foiwided  mainly  oti  actual  observation. 
The  ^'st  of  the  botanists  who  had  this  great  merit 
is  Otho  Brunfels  of  Mentz,  whose  work,  Ilerhartim 
Vina;  IcimiK-f,  appeared  In  Ifi3i>.  It  eonsists  of  two 
volumes  in  folio,  with  woo<:l-r:uls ;  nud  iii  lo32,  a 
Gtirmau  edition  was  published.  The  plants  which 
it  contains  are  given  without  any  arrangement,  and 
thus  he  belongs  to  the  period  of  unsystematic  know- 
ledge. Vet  the  progress  towards  the  formation  of 
a  system  manifested  itsetf  so  immediately  in  the 
serios  of  German  botanists  to  which  he  belongs, 
tiiat  we  might  with  almost  equal  propriety  transfer 
lum  to  the  history  of  that  progress;  to  which  we 
now  proceed. 

"  Uiti.  dtx  Sc.  Nut.  puttie  H.  IfiD, 
VOL.  III.  X 
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FoUMATION    OF    A    SY3TF.M    OF    ArRANOEMENT    OF 

Plants- 


Sect,  L — Prdiiif^  to  the  Epoch  o/ Co'itftlptnua. 

THE  arraiigemenl  of  plants  in  the  earliest  works 
was  cithor  iirbitrary.  or  acoordiag  to  tbt^ir  use. 
or  soDie  other  extraneous  circunistaoce,  as  in  Plinv- 
This,  and  the  division  of  vegetables  by  Dioscoridcs 
into  itromntlc.  alimei^tarJK  ittedic/nal,  rin^^^jf,  is,  as 
will  be  easily  seen,  a  merely  casual  distribution. 
The  Anjbian  writers,  and  those  of  the  niidiJle  JiQt^ 
showed  still  more  clearly  their  insenaibility  to  tho 
nature  of  system*  by  adopting  an  alphabetical  ar- 
rangement; which  was  employed  also  in  the  Her- 
bals  of  the  sixteenth  century,  Brunfels,  m  we  have 
said,  adopted  no  principle  of  order:  nor  did  his 
successor,  Fuchs»  Yet  the  latter  writer  urged  his 
countryTTien  to  put  aside  their  Arabian  and  bar- 
barous Latin  doctors,  and  to  observe  the  vegetable 
kingdom  for  themselves;  and  himself  set  the  ex- 
ample of  doing  this,  examined  plants  with  ze^  and 
accuracy,  and  mode  above  fifteen  hundred  drawings 
of  them  V 

The  difficulty  of  representing  plants  in  any  usettil 

'  His  Hinlaria  Slirjnum  wdb  [mbliulwd  at  Bwil  m  J&42- 


ARRANGEMENT  OF  PLANTS. 


307 


,y  hy  means  ofHrawingSr  '!*  grfafiT.  jMThnjis.  tlimi 
it  at  iiral  appears.  So  lon^  as  no  riistinetion  was 
maOi:;  of  the  importance  of  different  organs  of  the 
plant,  a  picture  representing  merely  the  obvious 
general  Eippearanee  anO  larger  parts,  was  of  com- 

tratively  fimall  vaiuo-  Henire  wc  are  not  to  wonder 
the  slighting  tiianncr  in  which  Pliny  speaks  of 
ch  records,  ''Those  whf>  gave  such  pictures  of 
^^ants,"  he  says.  "Craleua^  Dionysius*  Motrodonia. 
^B«VL>  shoun  nothing  clearly,  except  the  difficulty  of 

their  undertaking.  A  picture  may  be  mistaken, 
H|tid  U  changed  and  ilisBgured  by  copyists;  and, 
^without  these  imperfections,  it  is  not  emiugh  to 

represent  tfie  plant  in  one  state,  since  it  hiis  four 
^different  asi>ects  In  the  foiu-  seasons  of  the  year/' 
^B      The  diffusion  of  the  hahit  of  exact  drawiri^, 
^■vpc^eially  among  the  countrymen  of  AUr-H  Durer 
^■nd  Lucas  Cranach.  and  the  iijvcntion  of  wi>od-cuts 

and  eopper-pJates,  remedied  some  of  these  defects. 

Moreover*  the  eoEiviction  gradually  arose  in  men's 

mind^  that  the  structure  of  the  liower  aod  the  fruit 

are  the  roost  important  circumstance*:  in  fixing  the 

identity  of  the  plant,  Theophraslos  speaks  with 
Hi»r^i.^TOu   of  the  organs  which  he   describes,  but 

th**se  are  principally  the  leaves,  roots,  and  stems. 

Fuchs  uses  the  term  f7/'?W'x  for  the  anthers,  and 
'     fffmmt  Ibr  the  blossom  of  grasses,  thus  showing  that 

he  had  noticed  thi'se  parts  as  generally  present. 
In  the  next  writer  wht>m  we  have  to  inention, 
e  ftnd  some  traces  of  a  perception  of  the  real 
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resembUnpos  of  jilants  beginning  to  apjiear.  It  iK 
impossible  to  t-xpkin  tlie  progress  of  such  views 
without  assuiuing  io  the  reader  some  acij^iaintancc 
with  plants;  but  a  very  few  words  maj  suffice  to 
convoy  the  requisite  notions.  Even  in  the  plants 
which  most  commonly  come  in  onr  way^  wc  may 
perceive  instances  of  the  resemblances  of  which  we 
speak.  Thus  Mint*  Marjoram,  Basil,  Sa^e,  Lavend^ 
Thyiiii\  Dead-nettle,  and  many  other  plants,  have  a 
tubular  flower,  of  which  the  mouth  is  divided  into 
two  Jips ;  hence  they  are  formed  into  a  family,  and 
termed  Labkitw.  Again,  the  Stock,  the  Wall-flower, 
the  Mustard,  the  Cress,  the  Lady-smock,  tfio  Shep- 
herd's-jmrso,  have,  among  other  Bimilarittcs,  their 
blosaomji  with  four  petals  arranged  crosswise;  these 
are  all  of  the  order  Cruci/et'w,  Other  flowers, 
apparently  more  complex^  still  resemhie  each  other, 
as  Daisy,  Marigold,  Aster,  and  Chamomile;  these 
belong  to  the  order  CompofUrif,  And  though  the 
raeraberH  of  such  families  may  differ  widely  in  their 
larger  parts,  their  stems  and  leaves,  the  close  stud^ 
of  nature  leads  the  botanist  irresistibly  to  con^der 
their  resemblamTes  aa  occupymg  a  lar  more  Import- 
ajtt  place  than  their  differences.  It  is  the  general 
establisfiment  of  this  conviction  and  its  consequences 
which  we  have  now  to  follow. 

The  first  writer  in  whom  we  find  the  traces  of 
an  arrangement  depending  upon  these  natural  re- 
semblances, is  Hieronymus  Tragus,  (Jerom  Bock,)  a 
laborious  German  botanist,  who,  id  1551,  published 
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horbal.  In  tliis  work,  several  of  the  speciea 
incladed  in  thos<^  natural  families  to  which  we  have 
LJIudGd^  as  for  iiista.n(:e,  the  Labiate,  the  Cnici- 
feno,  the  Compositip,  nm  for  the  most  part  brought 

^    together ;  and  tima,  although  with  many  mistakes 

^■s  to  such  connexions,  a  new  principle  of  order  is 

introduced  into  the  subject. 

^^      In  pursuing  the  devchipement  of  such  principles 

Kf  natural  order,  it  is  nece-ssarj'  to  recollect  that  the 
rineiples  lead  to  an  assemblage  of  divisions  and 
g^roups*  successively  subordinate  the  lower  to  ^e 
hi^er,  like  the  brigades,  regiments,  and  corapiuiies 
tf  an  army,  or  the  provinces,  townships  and  parishes 
ft  a   kiugdom.     Species  are  included    in  Genera, 
mera  in  Families  or  Orders,  and  Orders  in  Classes* 
te  perception  that  there  is  some  connexion  among 
le  species  of  plants,  was  the  Rrst  essential  step; 
ic   detection   of  different   marks   and   characters 
which  should  give,  on  the  one  hand,  limited  groups^ 
on  the  other,  comprehensivi-  divisions,  were  other 
highlV'injjHjrtant  parts  of  this  advance.     To  point 
^■OUt   every  successive   movement  in    this  progress 
^prould  be  a  task  of  extreme  difficulty,  but  we  may 
DCte,  &s  the  most  prominent  portions  of  it.  the  esta- 
blislimcnt  of  the  groups  which  immediately  include 
species,  that  is,  the /omnttiaii  n/GeTura-  and  the 
invention  of  a  method  which  should  distribute  into 
'     consistent  and  distinct  divisions  the  whole  vege- 
table kingdom,  that  is,  the  cov-atmcium  (ifn  Stfstein. 

'  Spransp:!.  i.  2^0. 
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To  the  acRond  of  tliusc  two  6tD|>B  we  have  no 
difficulty  in  assigning  its  proper  author.  It  lM.'lnnga 
to  Cjcsrilpinus,  and  marks  tht  first  great  epoch  of 
this  science.  It  is  less  easy  to  state  to  what  bo- 
t;iiijKt  is  due  the  establishment  of  genera;  yet 
wu  m\iy  justly  assign  the  greater  port  of  the  merit 
of  this  invention,  as  is  usually  done,  to  Conrad 
Gessaer  of  Zurich.  This  eminent  naturalist,  after 
imhiisliinir  his  great  work  on  animals.  UieiP  of  the 
plague  in  l.'>fJ»7,  at  the  age  of  forty-nine,  while  he 
was  preparing  to  publish  a  History  of  Plants,  a 
sequel  to  his  Ilistory  of  Animals.  The  fate  of  the 
work  thus  leil  untinished  wa^;  remarkable.  It  ffjll 
into  (be  hamlH  of  bia  [mpil,  Ga.'^panl  Wolf|  who  wa^ 
to  have  published  it.  but  wanting  leisure  for  the 
office,  sold  it  to  Joachim  Camerarius*  a  physician 
and  botanist  of  Nuremberg,  who  made  use  of  th« 
engraviugH  prepared  by  Gcssncr,  in  an  Epitome 
which  be  published  in  1586.  The  text  of  Gessner's 
work,  after  passing  through  various  hands  ^^  pub- 
lished in  1704  under  the  title  of  Gcjifiywri  Opmr 
Botanif"  /ht  (hio  st^cuUi  dettiderata.  §c.,  but  is 
very  incomplete. 

The  impertect  stale  in  which  Ocssner  left  his 
botanical  labours  makes  it  necessary  to  seek  the 
evidence  of  bis  peculiar  views  in  scattered  passages 
of  his  correspondence  and  other  works.  One  of  hie 
great  merits  waSn  that  he  saw  the  peculiar  im^iort- 


t*iivipr,  I^oHK  jrur  rili/f,  ih-n  Scieniea  Au/wr^Wf*,  [tartic  ii. 
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(ft?  of  the  tiowor  aTid  fruit  as  affording  the  charac- 
?rs  by  wLicli  the  attiiittics  of  plants  were  to  be 
detected;  aud  that  he  urged  this  view  upon  his 
contemporaries.  His  plates  present  to  us,  by  the 
fiide  of  eaili  ply.ht.  it;^  flower  a.iid  its  fruit,  carefully 
engraved.  And  in  his  communications  with  his 
botanical  correspond eikts,  he  repeatedly  insists  on 
loae  parts.  Thus'  iit  15(>5  ho  writes  to  Zuinger 
mceruing  some  foreign  plants  which  the  latter 
|»ossessed;  *'Tell  me  if  your  plants  have  fruit  and 
flower,  as  well  as  stalk  and  leaves,  for  those  are  of 
inch  the  greater  eonst?quence.  By  these  three 
marks, — fiower,  fruit,  and  seed, — 1  tind  that  Sasi- 
fraf^  and  Consolida  Regalis  are  relaterl  to  Aconite  " 
^flu'se  characters,  derlvEidfrom  W\^ /nu-tiftattiou  (as 
^bie  assemblage  of  tiower  and  fruit  is  called),  arc 
Hbie  means  by  which  genera  are  established,  and 
hciiue,  by  the  best  botanists,  Gessner  is  declared  to 
^he  the  iitvE-ntor  of  geTiera\ 

^B      *  HjiIIpt,  Bifilio.  Biitaaica,  i.  284.     Mirthodi  BoUnioir  mtia- 

Pftuu   irriiuiu  pervidit  j^-djiri  IWmpi'  i^t  gCniTn  qute  pliircs  fipecicg 

cotDpTe^LGnd«Ti-ut  ct  ckascfl   qu»   niiilta   genna.     Variiu    ctiun 

dadera  Tuiturultv  i^jrjirt^eieit.     CluLracUTL-in  in  Hure  iaque  wmuui 

^JCBull,  &c-     Raunvtfii/  Socio  EpisL  Wulf,  p-  3l>, 

^H    UiatfURt  Genera  Pianiarvm.  Prt-T  ini.     "A  IhictificatLuno 

^HfUatdA  dir(tm^ii?rp  in  ^ont^m,  infinitum  FapiiiTitiii-  plnciiii^c,  dutokit 

^^povterior  i^ta^,  et  cjuidftn  primnh,  edrruli  sui  omjimonturn^  Coa- 

^fftdua  Ge^fineniB,  oti  patct  ex  SpiAtitli-i  ^ih  poqtrtinu,  Ft  Tahnlia 

per  CanD<jrjiriuni  I'ditis-" 

Cuvicr  says  {Hijt.  da  Si\  yal.  2c  pe.  ik  10J),  after  apiaking 
tJur  eamu  cffk-t,  '"11  fit  voir  cocon^  qim  touhia  lis  pUuUa  qiu 
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The  labours  of  Gessner  in  botany,  both  on  ac- 
count of  the  unfinished  state  id  which  he  left  the 
a|)plic;itioii  of  hij^  principles,  and  on  account  of  the 
absence  of  any  principles  manifestly  applicabhf  to 
the  whole  extent  of  the  vegetable  kingitom,  can 
only  be  considered  as  a  prelude  to  the  epoch  in 
which  those  defects  were  supplied.  To  that  epoch 
we  now  proceed. 


SficL  2.^Epoch  of  C^safplnus. — F&i'tnutlon  of  a 

If   any   oue    were   disposed   to    question   whether 

Natural  History  truly  belonq;s  to  the  «Iomain  of  In- 
ductive Seieneo; — whether  it  Is  to  he  prosecuted 
by  tiie  rtanie  methods,  and  requires  the  same  endow- 
ments of  mind  as  those  whicii  lead  to  the  successful 
cultivation  of  the  Physical  Sciences. — the  circuni- 
Gtances  under  which  Botany  has  mnde  its  advance 
appear  fitted  to  remove  such  doubts.  The  first 
decided  step  in  this  study  was  merely  the  construc- 
tion of  a  classification  of  its  subjects.  We  sliall,  I 
trust,  he  able  to  show  that  such  a  classification  in- 
cludes, in  reality,  the  establishment  of  one  geneni 
principle,  and  leads  to  more.     But  without 

out  ^CA  Hnirri  ei  A^nt  fruits  t^rmblabli^  do  rc«.vinbKmt  par  Wnt 
iLutrift  fumiu^  «t  wuvotit  auv«i  {>ar  Iuufb  jnopti^lCB.  et  quu  i|uuiiJ 
on  raiiprurbc  t^e^  [ibtiU^  un  ubtieat  niiiai  uue  ctaseifitsktian 
luktDTuNc/'     I  ilir  nut  kaiiw   if  he  \^tsi  rcfcT^  to  ODy  porticLiIiLr 
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welling  an  this  point,  it  is  wiirth  notice  timt  the 
rson  to  whom  we  owe  this  classification,  Andreas 
ifsalpinus  of  Arezzo,  was  one  of  the  most  philo- 
sophic^ iiieu  of  hi.s  time,  profoundly  skilled  In  the 
istotelian   lore   which    w-as   then   esteemed,   yet 
ift^d  with  courage  and  sagacity  which  enabled  him 
weigh  the  value  of  the  Peri}>atetic  doctrines,  to 
Ject  what  fif  cmcd  errour.  and  to  look  onwards  to 
a  better  pliJlosophy.     "  How  are  we  to  understand." 
e  inquires,  "that  we  must  proceed  from  untversals 
particulars  (as  Aristotle  directs),  when  particulars 
are  lietter  known^?"     Yet  he  treats  the    Master 
with  deference,  and,  as  has  beeo  observed',  we  see 
in  his  great  botanical  work  deep  traces  of  the  best 
features  ol'the  Aristotelian  school,  logic  and  method; 
Ajid,  indeed,  in  his  work  he  frequently  refers  to  his 
QiUvietiGne^  Feriptttetirat,      His  hook,  entitled  De 
'lanrht,  Hhri  xvi.  appeared  at  Florence  in  1683. 
he  aspect  under  which  his  task  presented  itself 
to  his  mind  appeal's  to  me  to   possess  so   much 
interest,  that  I  will  transcribe  a  few  of  his  reflec- 
tions.   After  speaking  of  the  splendid  multiplicity 
of  the  productions  of  nature,  the  confusion  which 
hitherto  prevailed  among  writers  on  plants,  the 
wing  treasures  of  the  botanical  world  ;  he  adds'. 
In  this  immense  multitude  of  plants,  1  see  that 
ant  which  is  most  felt  in  any  other  unordered 
owd:  if  such  an  assemblage  be  not  arratigcd  into 

'  QMXniianeu  Peripntelica,  (150!>,]  lib'  i.  quvet,  1, 
'  Cnvier,  p.  lOS.  '  !>pdicatH».  fl3. 
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bri^i^og  like  an  a,Tmy.  all  itmat  be  tumult  and  fluts 
tuatioiu  Anil  this  aeeordJiigly  lmp|iens  in  tlio  treAt^ 
ments  of  plants:  for  tho  mind  is  overwhelmed  \>y 
the  confused  accumuiation  of  thin^,  and  thus  arise 
(.']iilh\s»t  mistake  and  an^y  aUeroation/'  He  then 
siUitiiH  his  general  view^  which,  as  we  shall  sea,  wu 
adopted  by  his  successors.  "  ^Vwf*:  alt  science  cort- 
&iets  in  the  Cf>lic>cfio7t  qf  sh/iilar.  and  the  dtstineHim 
fif  dif^imrlar  ihhtij?'.  and  since  the  consequence 
of  this  Is  a  distrilmtion  into  genera  and  specie^ 
which  are  to  be  natural  classes  governed  by  ro&l 
differences,  1  have  atteni}>ted  to  execute  tliifi  task 
in  the  whole  range  of  pdants; — ut  hi  quid  pnv 
ingenii  mei  tenultate  hv  huju^modi  studtu  profe- 
o*?rim,  ad  communem  utilitatem  profcram."  We 
see  here  how  clearly  he  claims  for  himself  tho  credit 
of  heing  the  first  to  execnto  this  task  of  arrange- 
ment 

After  certain  preparatory  speeulatione,  he  say**, 
■*Let  us  now  endeavoiir  to  mark  the  kinds  of  plants 
by  cMenti.il  circHmsfcinces  in  tho  fructiJicatiun."'  He 
then  observes,  "'  In  the  constitution  of  organs  three 
things  are  mainly  important — the  number,  the  posi- 
tion, the  tij^Tire."  And  he  then  proceeds  to  exem- 
plify thir^ ;  "  Some  have  under  one  flower,  one  seedt 
as  Amt/fjdfdn.  or  one  seGd-ret^i^turie,  as  Jiotia :  or 
TWO  sfitfds,  as  FtTuhrhi,  or  two  aecd-rcct-j'tarJi^  u 
Nfiitlarritt7rr- ;  or  three,  as  tlie  Thhifmalrnn  kind 
have  TUUiJb  ^tted£t  the  BidUicca;  TiiitEE  rect'jjUuU^; 
'  Lllhi.  cl3, 14. 


ARRANGEMEOT  OF  PLANTS 


315 


Of  fnur,  aji  Maniibhim.  four  /^vw/**,  Stler  four  »^- 
rvpttir/&i ;  ar  niori?,  as  Cmmtcfa',  and  Acaiiaceas 
have  MORE  seeds.  Phnis.  more  7-ecept^ctes.'' 

It  will  be  obfier^'ed  that  we  have  here  ten  classes 
le  out  by  ineatis  of  nimiher  alone,  added  to  the 
conwideratio!*  of  whether  the  seed  is  alone  in  its 
»veriog,  as  in  a  cheiTT,  or  contained  with  several 
as  in  a  berry,  pod,  or  capsule.  Several  of 
iwo  divisions  :iri',  howi'Vtjr,  fiirtlicr  subdivided 
i-<irdiiiw  to  other  circujiistauct's,  aiid  cspi^cially 
rcordiog  as  the  vital  part  of  the  seed,  which  he 
lied  the  heart  (cw'"),  is  situated  In  the  upper  or 
lower  jMLTt  of  the  st?m\.  As  our  object  here  is  only 
indicate  the  principle  of  the  metho*i  of  Ca?3al- 
inus,  I  need  not  further  dwell  on  the  details,  and 
siill  IcM  on  the  defects  by  which  it  is  disfigured,  as. 
for  instanro,  tho  rntontion  of  the  old  distiuctiuii  of 
trees,  shrubs,  and  herbs. 

To  some  persons  it  may  appear  that  this  arbi- 
dLstribution  of  the  vegetable  kingdom,  accord- 
ig  to  the  number  of  parts  of  a  particular  kind, 
mnot  deserve  to  be  spoken  of  as  a  great  discovery. 
And  i£  indeed,  the  distribution  had  been  arbitrary. 
Is  would  have  been  tnie;  the  real  merit  of  this 
and  of  every  other  sy.steui  Is,  that  while  it  is  arti- 
fiml  in  it-i  form,  it  is  natural  in  its  results.  The 
plants  which  are  as^sociatcU  by  the  arrangement  of 
C:t^pinu£,  are  those  which  have  the  closest  resem- 
^lauci^  in  the  most  essential  points.     Thus,  as  Lin- 
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nsTits  says,  though  tho  first  in  attempting  to  fonn 
nAturat  orders,  he  obsGrved  as  many  as  the  most 
successful  of  later  ^Titers.  Thus  his  LeffUPiina'^ 
correspond  to  the  natural  order  Lfl(ntminos{E ;  his 
genut^  Femhicmtm'^  to  the  Uvth'-llata; ;  his  Bnlh- 
act^^^  to  LiUaeeQ';  his  Anthmnd4^8^*  to  the  CoTti- 
po^itw;  in  like  manner.  i\\G  Boraginew  are  brought 
together",  and  the  Labiata:  That  such  assemblages 
are  produced  by  the  application  of  his  principles,  ie 
a  sufficient  evidence  that  they  have  their  foundation 
in  the  general  laws  of  the  vegetable  world.  If  this 
had  not  been  the  case,  the  mere  application  of 
number  or  figure  alone  as  a  standard  of  arrange- 
ment, wouhi  have  produced  only  iiitolerabh*  ai;«- 
malies.  If,  for  instance,  Ca-salpinus  fiad  arranged 
plants  by  the  number  of  flowers  on  the  same  stalk, 
he  would  have  separated  individuals  of  tlie  eanw 
species;  if  he  had  distributed  them  according  to 
the  number  of  leaHets  which  compose  the  leaves. 
he  would  have  had  to  place  far  asunder  ilifferent 
species  <pf  the  same  genus.  Or,  as  he  himself  says", 
"  If  we  make  otie  genua  of  those  which  have  a  round 
root,  aa  llapum,  Aristolochia,  Cyelaminus,  Atoo, 
we  shall  separate  from  this  p:enus  those  which  most 
agrci^  with  it,  as  Napum  aud  RapHanum,  which  re- 
aemhle  Rjipuni.  and  the  long  Aristoloehia.  which 
resembles  the  round ;  while  we  shall  join  the  most 
remote  kinds,  for  the  nature  of  Cyelamiuus  and 

"  Lih-  Ti.         •'  tJh.  viL        "  Lib,  K,        '*  !,Eh.  xu. 
'^  Lib,  ki'  "  Lib.  \.  rap.xii.  p,  25- 
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Rapum  is  altog'^tliar  diverse  in  all  other  respectR. 
Or  if  wo  attend  to  tht?  ditiercDcos  of  stalk,  so  a.s  k> 
make  one  genus  of  those  which  have  a  naked  stalk, 
as  the  Junci»  Csepe,  Aphac^»  along  witK  CJcoraceffl, 
viohp,  we  shall  still  connect  the  most  unlike  things, 
au<l  disjoin  tluT  clost^st  affinities.  And  if  wa  note 
tlw?  Jirterenci'S  of  leaven,  or  even  ftoweffi,  we  fall 
into  the  same  difiiculty;  for  many  plants  very  dif- 
ferent in  kind  have  leaves  very  similar,  as  Poljgo- 
nuDi  aud  Hjjtcricum,  Ernca  and  Sesainois,  Apium 
and  Rannnrulus;  and  plants  of  the  same  genus  have 
sometimes  very  different  leaves,  as  the  several  spe- 
cies of  Ranunculus  and  of  Laotuca.  Nor  will  colour 
or  shape  of  the  flowers  help  us  Ijetter;  for  what  ha^ 
Vitis  in  cuimiion  with  tEnanthe,  except  the  renoni- 
blaiice  of  the  flower?"  He  then  goes  on  to  aay, 
that  if  we  seek  a  too  close  coincidence  of  all  the 
characters  we  shall  have  no  species :  and  thus 
shows  U5  that  he  had  eirarly  before  his  view  the 
difficulty  which  he  had  to  attack,  and  which  it  ia 
his  glory  to  have  overcome,  that  of  coufitmeting 
natural  orders. 

Hut  as  the  principles  of  Ctesalpinus  are  justified, 
ontheonehand^by  their  leading  to  Nat tirn/ Orders, 
they  are  recommended  on  the  other  by  their  pro- 
•ludng  a  Sj/slem  which  applies  through  the  whole 
exti^ut  of  tJie  vegetable  kingdom.  The  parts  from 
which  be  takes  his  characters  must  occur  in  all 
Hoffmiig-plants.  for  all  such  plants  have  seeds. 
And  these  seeds,   if  not  very  numerous  for  each 
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Howcr,  will  lie  of  a  certain  definite  number  ant 
orderly  distribirtion.  And  thus  every  plant  will  iall 
into  one  part  or  other  of  the  Name  system. 

It  IK  not  difiicult  to  point  out,  in  this  inductioD 
of  CaiSJiljihiUK,  the  two  oiemcnts  which  wo  have  so 
oftE^n  declared  must  occur  in  all  inductive  pro- 
cesses; the  exact  acquaintance  Wii\t  Jhfltf,  and  the 
general  arnJ  applicable  fdemt  bv  whit»h  thuse  facts 
are  brought  together,  Cresalpinus  was  no  mere 
doaler  in  intellectual  relations  or  learned  traditionh, 
hut  a  laborious  and  persevering  colluctor  of  plants 
and  of  botanical  knowledge.  "For  many  years."  he 
says  in  his  Dedication,  "i  have  been  pursuing  my 
researches  in  various  regions,  habitually  visiting  the 
plain's  In  whicli  ^ew  the  various  kinds  of  herh& 
shrubs,  and  trees;  1  have  been  o-isisted  bv  the 
lahours  of  many  friends,  and  by  gardens  established 
for  the  public  benefit,  and  containing  foreign  plants 
collected  from  the  most  remote  regions,"  He  here 
refers  to  the  first  garden  directed  to  the  public 
study  of  botany,  which  was  that  of  Pisa^ ".  instituted 
in  1543,  by  order  of  the  Grand  Duke  Cosmo  the 
First.  Tht  management  of  it  was  confided  first  to 
Lucas  Ghini,  and  afterwards  to  Cn>salpinus.  He  had 
collected  also  a  herbariimi  of  dried  plants,  which 
he  calls  the  rudiment  of  his  work.  "Tibi  eninu"'  he 
says,  in  his  dedication  to  Franris  MHicL  Grand 
Duke  of  Ktruria,  '^apud  (|ueni  cxtmt  ejus  rudimen- 
tum  ex  plantis  Ubro  agglutlnatis  a  me  compositum.** 
"  Cuv.  107. 
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Anil,  throughout,  hu  j^jieaks  with  the  most  frtmilinr 
and  vi\'id  acquaintance  of  tht*  various  vegetables 
which  he  describes. 

But  Ca%a]piuus  also  possessed  fixod  aud  gaueral 
views  concerning  the  relation  and  functions  of  the 
pnrts  of  plants,  and  ideas  of  symmetry  and  systoni, 
without  which,  as  we  see  in  other  botanists  of  his 
and  guccoeding'  tiiiii^K,  tht;  mere  a<;it[intu[at!nn  of  a 
knowledge  of  detailH  does  not  h^ad  to  any  advanctj 
in  science.  We  have  already  mentioned  his  refer- 
ence to  general  philosophical  principlcB,  both  of  the 
Ptripatclics  and  of  his  own.  The  first  twelve  chap- 
ters of  his  work  are  employed  in  explalniug  the 
general  structure  of  plants*  and  especially  that  point 
to  which  he  justly  attaches  so  much  iniportauce, 
the  results  <jf  th('  different  situation  uf  the  rtyr  or 
cam/fum  of  the  seed.  He  shows"  that  if  we  take 
Ihe  root,  or  stem,  or  loaves,  or  blossom^  as  our  ^^uide 
ill  classifit^fititm,  we  shall  se|)arate  jdants  obviously 
alike,  and  approximate^  those  wliich  havG  merely 
superficial  resemblances.  And  thus  we  see  that  he 
bad  in  his  mind  ideas  of  fixed  re&emblaucc  and 
symmetrical  distribution,  which  he  sedulously  en- 
deavoured to  apply  tti  plants;  while  his  aci]uaint- 
ance  with  the  vegetable  kingdom  enabled  him  to 
see  in  what  manner  these  ideas  were  not,  and  in 
what  manner  they  were,  really  applicable. 

The  great  merit  and  origiitality  of  Caisalpinus 
have   Iwen  generally  allowed,  by  the  best  of  the 

"  Lib.  i,  cap.  irii. 
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more  modern  writers  tm  botanv.  Linrneus  calls  him 
one  of  the  founderh  of  the  science;  "Pnmu.s  venis 
Kysteniaticud'^r  and,  us  if  not  ^tislied  u'iili  the  ex- 
pression of  his  admiration  in  prose,  htingB  a  poetic^aJ 
garland  od  the  tomb  of  his  hero.  Tfie  following 
distich  concludes  his  remarks  on  this  writer: 

QuUiquia  hid  entilerit  ^iritncA  concnltt  honored 
Cipwtlpmc  libi;  prhnaqne  serta  dalwt; 

and  similar  language  of  praif^e  has  been  applied  to 
him  hy  the  best  botanists  up  to  Cuvier*,  who  justly 
tenus  his  book  **a  work  of  genius." 

Perhaps  the  great  advance  made  in  this  science 
by  Ca^salpinus  is  most  strongly  shown  by  this :  that 
no  one  appeared,  to  follow  the  patb  which  he  had 
opened  to  system  and  symmelfy,  for  nearly  a  cen* 
tury.  Moreover,  when  the  progress  of  this  hraTieh 
of  knowludge  was  resumed^  his  next  suceesaop, 
Morison,  did  not  choose  to  acknowledge  that  he 
had  borrowed  so  much  from  so  old  a  writer;  and 
thus,  hardly  intentions  his  name,  although  he  takes 
advaTitago  of  his  labours,  and  even  transcribes  his 
words  without  acknowledgment,  as  I  shall  show. 
The  pause  between  the  great  invention  of  C;esal- 
pinus,  and  its  natural  sequel,  the  developement  and 
improvement  of  his  method,  is  so  marked,  thai  1 
will,  in  order  to  avoid  too  great  an  interruption  of 
chronological  orden  record  some  of  its  circum- 
stances in  a  separate  section. 

"  PhUutoj^h.  But.  pJJ*.  •*  Q\xy.i]iH.  103. 
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Sect.  3. — SUUiojuri'^  IuterT.al. 

The  method  of  Gaisalpinus  was  aot,  at  first,  gcne- 
rallv  aUupted.  It  had,  indcL-d,  somi?  disadvanta^a. 
Employed  in  drawing  the  boundary -lines  of  the 
larger  diWaions  of  the  vegetable  kingdom,  he  had 
omitted  those  smaller  groups,  Genera,  which  were 
both  most  obvious  to  common  botanists,  aud  most 
convenient  in  Ihe  description  and  comparison  of 
plants.  He  had  also  neglected  to  ^^ve  the  S^no- 
njm^  of  other  authors  for  the  plants  spoken  of  by 
him ;  ao  appendage  to  botarucal  descriptions,  which 
the  rDcrease  of  botanical  information  and  botanical 
bookfl  had  no^v  rendered  indispensable.  And  thus 
it  happened,  that  a  work,  which  must  always  Ih; 
considered  as  forming  a  great  epoch  \i\  the  science 
to  which  it  refers,  was  probably  little  read,  aad  i& 
a  short  time  could  he  treated  as  if  it  were  quite 
forgotten. 

In  the  mean  time,  the  science  was  grjidually 
improved  in  its  details.  Clusius.  or  Charles  de 
TEchise,  first  taught  botanists  to  describe  well. 
"  Bftforr  \\\m"  says  Mirbch'.  "  the  descriptions  wore 
ditfuse,  obscure,  indistinct;  nr  else  concise,  incom- 
plete, vague-  Ciusius  introdu(M?d  exactitude,  pre- 
cision- neatneps,  elegance,  method:  he  says  nothing 
superfluous;  he  omitfi  nothing  necessary."  He  tra- 
velle*!  over  great  part  of  Europe,  and  published 
various  works  on  the  more  rare  tti'the  plants  which 

VOL.  in.  Y 
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he  hfld  scj?n.  Among  such  plants,  we  luav  note  one 
Qow  well  known,  the  potato ;  which  he  <Jescnbes  a* 
being  comtijonl^v  used  ia  Italj  iji  15&(i''i  thus  throw- 
ing (Itjubt  at  lea^t,  on  tht^  opiiiioEi  Avhich  cisi-rihefi 
the  first  introduction  of  it  into  Kurope  to  Sir  Walter 
italeigh,  on  his  return  irotu  Virginia,  about  the 
same  period.  As  serving  to  illustrate,  both  this 
point,  anJ  the  descri]>tive  st^Ie  of  Clusius,  J  (]Uot& 
In  a  note,  his  description  of  tlie  Hower  of  this 
plant". 

The  addition  of  exotic  species  to  ^e  number  of 
known  phinls  was  indeed  giving  on  ra}>idly  during 
the  interval  which  we  are  now  eonsiUering.  Franeia 
Hemande?-,  a  Spaniard,  who  visitcii  America  towards 


"  Clunua,  E^roUv-  iv-  c.  52,  p.  Ixxii. 

'^  ^^  PnpoB  PcruikDorum,  Ariwhidna,  Tbcopb,  forte.  Finns 
tlo^ant^,  iincdoliH  nmpUtudinU  ant  mnjcmSf  ongulmi,  aingulari 
fulio  oonfdatiteS]  n.'d  ita  cumplicatn  nt  f]ui[i4]iic  folb  diacreta 
videanLur^  colutia  vxt«riiu  ex  purpura  cQudic^Dtu,  intoius 
piupiiiaB<.'vniis,  laciiia  quinque  facrbooeis  ex  uiohilioa  Htelbe 
ioHtar  jirodmuklibuHf  ub  totidiim  fltamirubus  Hvna  in  nmboiMB 
DOeuntibua," 

He  9»yB  tbat  the  TtnJians  do  iicit  know  whonw  thf?y  had  the 
pUat,  au'l  that  til u J' call  it  Taraioaffli.  Tlic  naiui?  /^iM/y  was* 
ill  Ejiglaud.  pruTiDUsly  applied  to  tlio  S'stt^l  Potato  {VoHVtiivuliu 
haioio^\  whicL  was  the  common  PuLato,  in  dfetiuction  Bo  tha 
yirginian  Potatrr.  at  tbu  tjiijc  of  GGmrd's  Herbal  (159?  i)  Oe- 
mrd's  figures  of  bcitli  [jiantp  urn  mpicJ  fmm  Ihwc  of  Clmiua. 

It  may  be  ncrti  by  thp  dtscription  of  Ararbidna  ilivJi Jy  qmjled 
ftom  Thecppbmfltuji,  (p.  263,)  tliat  thete  h  little  pLtUsribililj  io 
CluBiuu'e  Gonjectura  of  the  pUnt  bein^'  known  tu  tho  uu'icTit& 
I  need  not  infonn  tliu  hoUiijitit  liiat  tliii^  opinion  is  untPtUiLle. 
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le  end  of  the  sixteenth  century,  collected  and  Oo- 

'scribed  many  plants  of  that  country,  some  of  which 

were  afterwartia  published  by  Ttecchi".     Barnabas 

^Cobo.  who  went  as  a  missionary  to  America  in  15^*6. 

^hso  described  plants^^     The  Dutch,  among  other 

^Bxertioufi  which  they  made  in  their  stru^le  with 

^ne  tyranny  of  Spain,  sent  out  an  expedition  which, 

^Tor  a  time,  conquered  the  Brayjls;  and  among  other 

fruits  of  this  conquest,  they  published  an  account  of 

the  natural  history  of  the  country".    To  avoid  inter- 

l^rupting  the  connexion  of  such  labours,  I  will  here 

^Barry  them  on  a  little  further  in  tbe  order  of  time. 

Paul  Herman,    of  Ualle,  in  Saxony,  went  to  the 

Cape  of  Good  Hope  and  to  Ceylon;  and  on  his  re- 

L^urn,  astonished  the  botauisti^  of  Europe  by  the  vast 

^Kuantity  of  remarkable  plants  which  he  introduced 

^Bo  their  knowledge^'.     Rheede,  the  Dutch  governor 

of  Malabar,  ordered  descriptions  and  drawings  to  be 

made  of  many  curious  species^  which  were  published 

in  a  large  work  in  twelve  folio  volumes^*.  Rumphe, 

another  Dutch  consid  at  Amboyna",  laboured  with 

zeal  and  success  upon  the  plants  of  the  Moluccas. 

>me  species  which  occur  in  Madagascar  figured  in 

**  AcM  PUmtarum  lifgni  Mtxieani  HvUtria,   Rgm.  1051, 


*•  Uutoria   Saturaiii  Bmniia,  L.  K  1648,  fol.  (Piao  and 

"  Muituw  Zfi//amcuin,  L.  B.  1726- 

"  Xlofl^s  Maiabariciu,  1070—1703. 

*  Herharium  AmboinauE^  AmatordajD,  1741— fil,  tol. 
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a  description  of  that  island  immposcd  Iiy  tbo  Frencl 
Connnandiint  Flflcoxirf",  Sliortljf  aftt-rnards.  Engel- 
bert  KjtmpfGr",  a  Westphalian  of  great  ac^piire- 
ments  and  undaunted  courage,  visited  Persia.  Arabia 
Felix,  the  Mogul  Empire,  Cej'loa,  Bengal^  Sumatra. 
Java,  Sianij  Japan ;  Wljeler  travelled  in  Grcc^^e  aod 
Asia  Minor;  and  SherarrJ,  the  English  consul,  pub- 
lished an  account  of  the  plants  of  the  neighbour- 
hood of  Smyrna. 

At  the  same  timo.  the  New  World  csdied  also 
the  curiosity  of  botanists.  Hans  Sioam  collected 
the  plants  of  Jamaica ;  John  Banister  those  of  Vir- 
ginia; William  Vernon,  also  an  Englishman,  and 
David  Kriogo,  a  Saxon,  those  of  Maryland;  two 
Frenchmen,  Suria^t  and  Father  Plumior,  tliose  of 
Saint  Domingo. 

We  may  add  that  public  botanical  gardens  ft-ere 
about  tliis  time  estahlishnd  all  over  Europe.  We 
have  already  noticed  the  institution  of  that  of  PUo 
in  1543;  the  second  was  that  of  Padua  in  1545; 
the  next,  that  of  Florence  in  1550;  the  fourth,  that 
of  Bologna,  15G8 ;  that  of  Romo,  in  the  Vatican, 
dates  also  from  1568, 

The  first  transalpine  garden  of  this  kind  arose  at 
Leyden  in  1577;  that  of  Leipsic  in  1580.  Henry 
the  Fourth  of  France  established  one  at  Montpellier 
in  1597,  Several  others  were  instituted  in  Ger- 
many; but  that  of  Paris  did  not  begin  to  exist  dll 

■^  Hii/oire  lirr  in  f^ranJt  l-uft  Ma/iii'/tifcar,  PuU,  ItWi. 
"  Attrivailiilca  i'jatictr^  [A'rn}<ov-  171*.     4tv. 


FORMATION  OF  SVSTEMS. 


325 


IffiM;  that  of  \]]isa\,  afterwards  so  cclobrat^t],  took 

riso  in  Hi57,  tliat  of  Am^^tenlatu  iit  l{JH4.    Mori- 

>Ti,  wlioni  we  shall  soon  have  to  mention,  calls 

;elt  in  1680,  the  first  Director  of  the  BotanicaJ 

larden  at  Oxford. 

Jn  the  mean  time^  altlioup:li  there  appeared  no 

syatom  wliiob  commiiiided  tlie  attoution  of  the 

tioitanical  world,  the  feeling  of  the  importance  of 

tic  aflinities  of  pknts  became  cODtinually  more 
trong  anil  distinct. 
Lobfl,  wiio  was  botanist  to  James  the  First,  and 
'ho  published  bh  Stirjmim  Adversaria  Nova  in 
671,  brings  together  the  natural  families  of  plants 
lore  distinctly  than  his  predecessors,  and  even  dis- 
tingiushes  (i*^  Ciivier  stateK^',)  monoeotyledonous 
from  dicotyledonous  plants;  one  of  the  most  com- 
prehensive divisioo-lines  of  botany,  of  which  sue- 
Ieedlng  times  discovered  the  value  more  completely, 
'abtus  Columna'',  in  "IGIO,  gave  figures  of  the  fruc- 
ification  of  plants  on  copper,  as  Gessner  had  before 
done  on  wood.  But  the  elder  Bauhin  (John),  not- 
with^^nding  all  that  CLL'salpimis  had  done,  retro- 
ided,  in  a  work  published  in  ]G\[\,  into  the  less 
^e  and  scientific  distinctions  of— trees  mth 
with  berries;  with  acorns;  with  pods;  creep- 
ing plants*  gourd.s,  &c. :  and  no  clear  progress 
iwards  a  system  was  anywhere  visible  among  the 
Authors  of  this  period. 

While  this  continued  to  l*e  the  case,  and  while 
"^  Cuv.  u^^,,  &C-.  198.  "  lb.  i?06. 
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the  materials,  thus  destitute  of  or(ii.'r,  went  un  accu- 
mulating, it  was  tDcritable  that  the  evils  which  Cie- 
salpinus  had  endeavoured  to  remedj-,  should  become 
more  aad  more  grievous.     "The  Domendature  of 
the  subject"'  was  in  such  disorder,  it  was  so  impos- 
sible to  determine  with  certainty  the  plants  spiikeu 
of  by  preceding  writers,  that  thirty  or  forty  diSerent 
botanists  had  given  to  the  same  plant  almost  3S 
many  ditierent  names.    Bauhio  called  by  one  appel- 
lation, a  species  which  Lobel  or  Matthioli  designated 
by  another    There  was  an  actual  chaos,  a  universal 
confusion,  in  which  it  was  impossible  for  men  to 
find  their  way."     We  can  the  better  understand 
such  a  state  of  thing^^,  from  having,  in  our  own  time, 
seen  another  classiHcatory  science,  mineralogy,  in 
the  very  condition  thus  described.    For  such  a  state 
of  confusion  there  is  no  remedy  but  the  establish- 
ment of  a  true  system  of  classification;  which  by 
its  real  foundation,  renders  a  reason  for  the  place 
of  each  species;    and  which  by  the   fixity  of  its 
classes,  alfords  a  baisis  for  a  standard  nomencliitiirc, 
as  finally  took  place  in  botany.     But  before  such  a 
remedy  Is  obtained,  men  naturally  try  to  alleviate 
the   evil  by  tabulating  the  synonyms  of  diftrent 
writers,  as  far  as  they  are  able  to  do  so.     The  tafik 
of  constructing  such  a  Synonymy  of  botaiiy  at  (he 
period  of  which  we  speak,  was  undertaken  by  Gas- 
pard  Bauhin,  the  brother   of  John,   but  nineteen 
years  younger.      This   work,  the  Piwt^    Th*^atri 
*  Cuv.  2ia, 
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'ttici,  was  jirinU'd  at  Basil  in  \6'23.     It  was  a 

uiidLTtaLing  at  th(^  time;  but  the  want  of 

ly  genuine  order  id  the  Pinaj"  itselt  rendered  it 

iui|HifisibIe  liiat  it  should  be  of  great    |>ernianeut 

utilJtT. 

^^     After  thi<3  period,  the  progress  of  almost  all  the 

^■cieuces  became  languid  for  a  while;  aod  o»e  reason 

Hbf  this  laterruptioD  was,  the  war^  aad  troubles  ^v}iicli 

P^ftrailed  oror  almost  the  whole  of  Europe.     Tlio 

quam^ls  of  Charles  the  First  and  his  parlianmut,  the 

einl  wars  and  the  usurpjitiun,  lu  England;  in  France, 

Ke  war  of  the  league,  the  stormy  reign  of  Ileury 
e  Fourth,  the  civil  wars  of  the  mtuoritj'  ol'  Louis 
^the  Tiiirteenth,  the  war  against  the  Protestants  and 
^^le  war  of  the  Fronde,  in  the  minority  of  Louis  the 
Fourteenth;  the  bloody  and  destructive  Thirty 
YtviTs'  War  iu  Germany ;  the  war  of  Spain  with  tlie 
United  Pnivinees  and  with  Portugal;- — all  tht-SL*  dire 
agitations  lefl  nit'ii  neither  k-Lsure  nor  disposition 
direct  their  best  thoughts  to  the  promotion  of 
loDce,  Tiie  baser  spirits  were  brutalized;  the 
jr  were  occupied  by  high  practical  atuis  aad 
truggica  of  their  moral  nature.  Amid  sueli  stonn;^, 
intellectual  powers  of  man  could  not  work  with 
their  duo  calmik^ss.  nor  his  intellectual  ol^jects 
tine  with  thrir  proptir  luntre. 

At  length  a  period  of  greater  triLUcjuillity  gleamed 

>rth,  and  the  sciences  soon  expanded  in  the  huq- 

Botany  was  not  inert  amidtliis  activity,  and 

^pidly  advanced  in  a  new^  direction,  that  of  physio- 
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lf>gj' ;  but  before  we  speak  of  tliis  portion  of  oar 
sulyuct.  wc  must  couqjlL'te  what  we  have  to  say  of 
it  as  a  cla&biRcatorj^  science. 

Scrt.  A.^St'.f/fUil  to  thfJ  Epoch  f/  Cwsalpiiim^.    Fur- 
ih-er    Ff/n/uttion    ami  Aditpliofi    of  Sifsierittitic 

ArrangerMiit. 

SiJON  atler  the  periof!  of  which  we  now  speak,  that 
of  the  restoration  of  the  Stuarts  to  the  throne  of 
Englaud,  s^'steiuatlc  arrangements  of  plants  appeared 
In  ^eat  numbers;  and  in  a  manner  such  as  to  show 
that  the  minds  of  botanists  haJ  gradually  been  ripen- 
ing for  this  improvement,  through  iho  influence  of 
preceding  writers,  and  the  growing  acquaintance  witli 
plants.  The  person  whose  name  is  usually  placed 
first  on  this  list,  Robert  Morison,  appears  to  me  to 
be  much  less  meritorious  than  many  of  those  who 
published  very  shortly  after  him;  but  I  will  ^ve 
liint  the  precedence  in  my  mirrative.  He  was  n 
Scotchman,  who  was  wounded  fighting  on  the  royal- 
ist side  in  the  civil  u-ars  of  England.  On  tho 
triuHifih  of  the  repuMicans,  he  withdrew  to  France, 
when  lie  hrcamc  director  of  the  garden  of  Gaston, 
Duke  of  OrleaTiB,  at  lllois ;  and  there  he  came  under 
the  notice  of  our  Charles  the  Second;  who,  on  his 
restoration,  summoned  Mortsou  to  Ejiglaud,  where 
he  becHme  Superintendent  of  the  Royal  (lardcnss 
and  also  of  the  Botanic  G  arden  at  Oxibrd.  In  1 600. 
he  published  liemarh  on  th^  MisUik^^  of  thr  tmt 
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iiitnhin^<  in  wliich  he  proves  that  rnany  plants  in 
the  P'ln'ix  are  crronponsly  placed,  and  shows  ci>n- 
licleralik  talent  for  ap|)rrp lilting  nalunil  families  ami 
gctieriu     His  ifreat  systematic  work  appeared  from 
le  University  press  at  0:(ford  in  1680.   It  contains 
system,  but  a  system,  Cuvier  says*    which  ap- 
iroaobes  rather  to  u  natural  method  than  to  a 
[igorous  distribution,   like  thut  of  his  prt:dccPssor 
^salpiuus,  or  that  of  his  successor  Itay,    Thus  the 
lerbaceous  plants  are  divided  into  ciimbers,  l^ffu- 
mitwus,  sitiqtui&e,  uimapmhr,  Mmpsulftr,  tncapsu- 
!r,  qniidnctfpi^dai\  quiin/iter'apsuJar ;  this  division 
■ing;  combined  with  characters  derived  Jrom  the 
number  of  |)tlalj7.     But  along  with  these  numerical 
ilements,  are  introduced  others  of  a  loose  and  hete- 
meous  kind,  for  Instancei  the  classification  of 
wbs  as  itrrU-i^rfTtt  and  eitK^fkuL     It  is  not  iiprea- 
lahle  Uy  say,  that  such  a  scheme  shows  no  talent 
■r  Cffuatructing  a  complete  system;  and  that  the 
distinct  p^irt  of  it,  that  dependent  on  the  fruit, 
probably  borrowed  from  C*esalpinus,    That  this 
_«  so.  we  have,  I  tbink,  strong  proof;  for  though 
Ifirison  no  when-,  I  believe,  mentions  Ca'i^aLpInus, 
Lcept  in  one  place  in  a  loose  enumeratioi^  of  bota- 
nical writers'"^  lif'  jnnst  have:  made  Considerable  use 
of  Ids  work.     For  he  has  introduced  into  his  own 
preface  a  passage  copied  literally"  from  tht;  dedica- 
tion of  Cn-salpinus;  which  passage  we  have  already 

"  Prof,  p-  i.  "  lb,  p  ii. 
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quotecl  (p.  314,)  heginning,  "Siuce  all  scii^nce  coi 
siBts  in  the  coHectiuu  t>f  similar,  and  the  ih^tinctiou 
of  dishimilar  things,"  Anil  that  tjjt:  inuntlnn  of  lilt 
original  is  not  omitted  by  accident,  appears  froiu 
tliia;  that  Monson  appropriates  also  the  conclusinn 
of  the  passage,  which  has  a  personal  reference; 
^^C&iiatus  eutti.  id  jircestarn  in  uuiajrim  piarttantjn 
kistoria,  ut  s^i  quid  pro  hti/fjiii  ttui  tntniUtte  in 
hvjvsmodi  stiidio  pi-qfecetitriy  nd  eomvuniem  utilita- 
tern  prqfen'eia"  That  Morison,  thus,  at  so  long  an 
interval  after  the  puhliiiation  of  the  work  of  Ciesal- 
pinus»  hoTTowtid  from  him  without  acknowledgment^ 
and  adopted  his  svstem  so  as  to  mutilate  it,  prores 
that  he  had  neither  the  temper  nor  the  talent  of  a 
discoverer;  and  justifies  lis  witliholding  from  him 
the  credit  which  belongs  to  thoat;  who^  in  his  time, 
resumed  the  great  undertaking  of  construeting  a 
vegetable  system, 

Arnon^  those  whose  efforts  in  this  way  had  the 
greatest  and  cELrliest  jnfluenee,  wa-s  nndoubtedly  our 
countrj-man,  John  itay,  who  was  fellow  of  Trinity 
College,  Cambridge,  at  the  same  time  with  Isaac 
Newton.  But  though  Cuvier  states**  that  \iay  was 
the  model  of  the  systematists  during  the  whole  of 
the  eighteenth  century,  the  Germans  claim  a  part 
of  his  merit  for  one  of  their  countrj^men.  Joachim 
Jungf  of  T-uhcck,  professor  at  Hamburg".  Con- 
cerning the  prinpiplca  of  this  botardst,  little  was 
known  during  his  [ife^     Cut  a  manuscript  of  his 
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Wiok  was  pnnimunk'atnd'"'  to  Ray  in  l(i(in,  and  from 
this  time  forwar<is.  sa^B  Sprciigi'I,  there  might  he 
noticed  in  the  writings  of  Englishmen,  those  better 
and  clearer  views  to  which  Jung's  principles  gave 
birtfi.  Five  years  after  the  death  of  Jim^»  his 
Doxoscojnn  P/nmea  wa5  published,  in  X&Q2;  and 
in  IG7B.  his  Isa^^offe  Phpfoscopica.  But  neither  of 
tbesi'  works  was  i^ver  mucli  read;  and  even  Linnajus, 
whom  low  things  escaped  wjiieb  concerned  botany, 
had,  in  1771.  seen  none  of  Jung's  works. 

1  here  pass  over  Jung's  improvements  of  bota- 
nical language,  and  speak  only  of  those  which  he  is 
asserted  to  have  suggested  in  the  arrangement  of 
jdanta.  He  ejiaiuinos,  saya  Sprengol"^  the  value  of 
chara^'ters  of  species,  which,  he  holds,  must  not  be 
taken  &om  the  thoms,  nor  from  colour,  taste,  smell, 
mediclmil  eflTeeta.  time  and  place  of  blossoming. 
He  shows,  in  numerous  example:;,  what  plants  must 
be  separated,  thongh  called  by  a  common  name, 
and  what  must  be  united,  though  their  names  are 
several - 

1  do  not  see  in  this  much  that  interferes  with 
the  orl^nalily  of  Ray's  method*',  of  which,  in  con- 
sequence of  the  importance  ascribed  to  it  by  Cuvicr, 
as  we  have  alreaily  seon,  1  shall  give  an  account. 


••  Ray  acknowledges  thi§  In  his  Index  Pia»l.  egri  Catttaii, 
P>  87,  and  quDtfis  froin  it  tko  ilotiDitian  of  cauiii. 

"  MethoduM   Pimtlartim  Nam,  ]GQI2.     IlUtoria  Pianlamm^ 
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ri>HowinH;  that  great  naturalist".  I  confine  mwlf 
to  tilt'  uriliiinry  |flrints,  ami  oniit  tliu  more  obscure 
vegetables,  as  musbrooms,  musses,  tbms,  and  tbe 
Ilka 

Such  plants  are  composite  or  iimpk.  The  com- 
pomtfi  flowers  are  those  which  contain  many  florets 
in  the  same  t^ftfyx^'.  Thest?  arc  suhdivided  aeeordiiig 
as  they  are  composed  altogether  of  complete  ilorets. 
or  of  half  florets,  or  of  a  center  of  complete  flirreLiw 
Burroundcd  by  a  circumference  or  ray  of  demi- 
florets.  Such  are  the  divisions  of  the  corytnhi/Grw, 
or  compositce. 

In  the  simple  flowers,  the  socds  are  naked,  or 
in  a  puririirp.     Those   with  ntiki'd  seeds  are  ar- 
ranged ju?eurd.ing  to  tho  number  of  the  seeds,  which, 
may  be  one,  two,  three,  four,  or  more.     li*  there  b| 
only  one,  no  subdivision  is  requisite:  if  there  are 
two,  Ray  make^  a  subdivisicn,  according  as    the 
flower  has  five  pctaJa.  or  a  continuous  corolla.  Here 
we  conio   to  several  natural  families.     Thus,   the 
flowers  with  two  seeds  and  five  petals  are  the  L'rtt-  — 
belUftrom  plants;  the  inono|»etalous  flowers  with  1 
two  seeds  are  the  SUlht^,     He  founds  the  divisicti 
of  four-,«eeded  flowers  on  the  circumstance  of  theV 
leaves  being  opposite,  or  alternate  ;  and  thus  again, 
we   have   the  natural  faniiUcn  of  Aspfri/olia\  as 
EcJiivm,  Ac,  which  have  the  leaves  ajtcmatc,  and 
the  Verticillatw^  as  Sahia^  in  which  the  leaves  are 

"  Cu».  Lt.,v'if  Mm.  Sc.  ?<aL  4R8. 
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Opposite.  Whpn  the  flower  has  mort  thiin  four 
seeds,  he  makes  no  subdivision. 

So  much  for  simple  flowers  wilh  naked  seeds. 
In  those  whery  tlie  seeds  are  surrounded  by  a 
pevirm^f,  or  fruit,  this  fruit  is  lar;^,  soft,  nnd  flrslij, 
and  the  pkiits  arc  f/^nii/ej-ofrs :  or  it  is  snuill  and 
juicy,  and  the  fruit  is  a  berry,  as  a  Gooseberry, 

If  the  fruit  is  not  juicy,  hut  t//;^,  it  is  multiple 
or  sinaple-  If  it  lie  fiim|de,  wp  have  the  li'/;ntrniwse 
plants.  If  it  be  multiple,  the  form  of  the  flower  is 
to  he  uttended  to.  The  flower  may  be  n/^mope- 
tah\ts*  or  fetrajyfUahus,  or  pentapet<ilous.  or  with 
&till  ^nore  divisions.  The  moiiopctalous  may  he 
rtifuhtr  or  irrrfftitir:  so  may  the  tctrapt^talous.  The 
regular  tctrapetalous  flowers  are,  for  example,  the 
Crtitrlfei'w^  as  Stock,  and  Cauliflower  :  the  irregular, 
are  the  pajnlionnveaus  plants,  Pea^,  Beans,  and 
Vetehes;  and  thus  we  again  come  to  natural  families. 
The  remaining  plants  are  divided  in  the  same  way, 
into  those  wilh  impGr/ect,  and  those  with  perfitH, 
flowers,  Tijose  with  iwpm'foct  flowers  are  the 
(irri-s^$,t\\Q  Rushfii^  {Junci)^  and  the  hke :  among 
ihose  with  jhrr/ect  flowers,  are  the  PaImacf.(P.  and 
the  LUiftcete. 

We  see  that  the  division  of  plants  is  complete 
as  a  system;  all  tldwrrw  must  Ijelong  to  one  or 
Other  of  the, divisions.  Fully  to  explain  the  cha- 
racters and  further  subdivisions  of  these  families, 
would  he  to  write  a  treatL**  on  hotany ;  hut  it  is  easily 
seen  that  they  exhaust  the  subject  as  far  as  they  go. 


334 


niSTORY  OF  BOTAm. 


Thus  Ray  ccinstructL'd  his  system  partly  on  the 
fruit  and  pitrtly  ou  the  flower;  or  more  profierly, 
according  to  the  expression  of  Linnieus,  comparing 
bis  earlier  with  his  later  system,  he  began  by  being 
a./rfir[li:ist^  and  ended  by  being  a  ctyro/list". 

As  we  bave  said,  a  nmnber  of  systems  of  ar- 
rangement of  plants  were  published  about  this  tima 
some  founded  on  the  tniit,  some  on  the  corolla, 
some  OD  the  calyx,  aud  these  employed  in  various 
ways,  Hivinu^^  (whose  real  name  was  Bachmaii,) 
classified  by  the  tiower  alone ;  instead  of  combining 
it  with  the  fruit,  as  Ray  had  done*',  lie  had  the 
further  merit,  of  beiDg  the  first  wlio  reje<^ted  the 
old  division,  of  'jcooilff,  and  htn^htic^unt^  plants;  & 
divisiou  which,  though  at  variance  with  ;my  system 
founded  upon  the  structure  of  the  plant,  was  em* 
ployed  even  by  Tournefort,  aud  only  finally  expelled 
by  Linnffius. 

It  would  throw  little  light  upon  the  history  o 
botany,  especially  for  our  purpose,  to  dwell  on 
the  p^^culiaritics  of  thci^e  trauwitory  sysU^ms.  lin- 
nrcus*^  after  his  manner,  has  given  a  elassiRcatioD 
of  them.  Rivinus,  as  we  have  just  seen,  was  a 
coroUisCt  according;  to  the  regularity  and  number  of 
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"  Riy  WBfl  a  moflt  ludiistnoUB  bHfbalijmr,  ojni  I  cuinot  undi^i- 
d4uiid  VQ  wbat  giound  Jlirbel  uwrta  (Pfiy^.  ^'g-  i-  ii^  ph  5310 
tha.t  he  wa^  liottcr  acciuniDtcd  with  bookt  than  ^vith  plontfl' 

•*  CiiT.  Lf^nj.  491. 

"  Hhtoria  Getieratu  ad  rem  Ilerlariam,  16UU. 

"  Fhilot.  Hot.  p,2L 
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fhp  petals;  Hermann  was  a/tucticist,  Christopher 
Knaut"  adopted  thu  svstuni  of  Ray,  but  invt-rtcd 
the  order  of  its  parts  ;  Cliristian  Knaut  did  nearly 
the  same  with  regard  to  that  of  Rivinu^,  taking 
nuuilwr  before  ri^^Iarily  la  the  flowpr". 

Of  the  systotnB  which  pri-vailcd  previous  to  that 
Linnipus.  Toumcfort^s  was  by  far  tlie  most  gone* 
rally  accepted,  Joseph  Pitton  de  Toumefort  was 
of  a  nuble  family  in  Provence,  and  was  appuiuted 
professor  at  the  Jardiu  du  Roi  in  1(E83.  His  wcH- 
known  travels  in  the  Levant  are  ioteresting  od 
other  subjects,  as  well  as  botany.  His Ineikatio  Rei 
H&rhitrUr^  poblishcd  in  17<.M>,  nontains  his  method, 
hicb  is  that  <>('  \\  raroflinl.  He  is  ^Tiidcd  by  the 
larity  or  irregularity  of  the  flowers,  by  their 
and  by  tlie  situation  of  the  receptacle  of  the 
below  the  calyx,  or  within  it,  Thus  his  cla£>ses 
those  in  which  the  flowers  are  fatajHinifonu^ 
bell'shaped ;  those  in  which  they  are  iv/nndi- 
(mli/orm.  or  funnel-shaped,  as  Tobacco;  then  the 
regular  llowers,  as  thii  Prr^ifrf/itfL\  which  resemble 
ancient  mask  ;  the  Lahmfat^  with  their  two  lips  ; 
the  Crudfonn ;  the  Rosaa^is,  with  flowers  like  a 
the  UttflfvUiferfP- ;  the  Car^faph'tW'a-,  as  the 
Ink;  the  Lih'irrrw,  with  six  pi'tals,  as  the  Tulip, 
arcissus.  Hyacinth.  Lily  ;  tlie  Papilionacew,  which 
leguminous  pSants,  the  flower  of  which  resem- 
a  butterfly,  as  Peas  and  Beans;  and  finally,  the 
n(fmatifus,  as  Violet,  Nasturtium,  and  others. 

*'  EtiMtrnfTitiio  PlunlarwH.  &l\,  ItiS?  ""  Linn. 
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Though  tiiiK  systflm  was  fouml  tu  be  attract!V?r 
as  ilepf^iuliiig,  iu  im  ovldcrit  nay,  on  tht-  moat  <<ori- 
spicuous  part  of  the  plant,  the  tlower,  it  is  tasy  m 
Bee  that  it  was  much  less  definite  than  s^'stoms  like 
that  of  Rivinus,  llermaun,  and  Raj.  which  were 
governed  by  number.  But  Tournefort  siicceedeil 
in  giving  to  the  rliariicters  of  genera  a  degree  of 
rigour  never  before  attained,  and  abstracted  them 
ID  a  separate  form.  We  have  already  seen  that  the 
reeejition  of  botanical  systems  has  depended  much 
on  their  arrangement  mto  genera. 

Tournefort's  euecoss  was  also  mueh  promoted 
by  the  author  inserting  in  his  work  a  figure  of  a 
flower  and  fruit  lielonging  to  caeh  genus;  and  the 
figures,  drawn  by  Aubriet,  were  of  great  merit  The 
study  of  botany  was  thus  rendered  easy,  for  it  could 
be  learned  liy  luruing  over  the  leaves  of  a  book. 
In  fipite  of  vuri<tus  defects,  these  advantages  gave 
this  ftTiter  an  ascendancy  which  lasted,  from  1700, 
wlien  his  book  appeared,  for  more  than  half  a 
century.  For  tliougli  Linnaeus  began  tu  publish  in 
1735,  his  method  and  his  nomenclature  were  aoi 
generally  adopted  till  1760, 
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Sect  L — luti-odnrtion  <^  the  He/mmh 

■  A  LTHOUGTI,  perhaps,  no  man  of  science  ever 

j\_  exercised  a  greater  sway  than  Linnaeus,  or  had 
.  inore  entbusia^ie  admirera,  the  most  intelligent 
^Botanists  always  speak  of  him.  not  as  a  great  dis- 
^ftoverer,  but  as  a  judicious  and  strenuous  ReforTi^er^ 
^^ndeed,  in  his  own  lists  of  botanical  writers^  be 

pUci?s  bimself  among  the  "Reformatores;"  and  it 
^is  apparent  that  this  is  tbe  nature  of  bis  real  claim 
^h>  admiration;   for  the  doetnne  of  the  3e:ies   of 

plants,  even  if  he  bad  been  tbe  first  to  establisb  it, 
1  was  a  point  of  botanical  physiology,  a  province  of 
^^ir  science  which  no  one  wouhl  select  as  the  |>ecii- 
^Kar  field  of  Linna^us's  glory;  and  the  formation  of 
^k  system  of  arrangement  on  tbe  basis  of  tbis  doc- 

I trine,  though  attended  with  many  advantages,  W'as 
IKit  an  improvement  of  any  higber  order  than  those 
mtroduced  by  Ray  and  Tournefort.  But  as  a  Re- 
former of  the  state  of  natural  history  in  his  time, 
Linnieti-s  w^as  admirable  for  his  skill,  and  unparal- 
leled LU  his  success.  And  we  have  already  seen, 
I  in  tbe  instance  of  the  reform  of  mineralogy,  as 
attempted  by  Mohs  and  Berzelins.  that  men  of  great 
YOL,  in.  Z 
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talents  and  kimwlodgo  may  fail  in  such  an  under- 
taking. 

Ft  is,  however,  only  by  means  of  the  koowledgi? 
which  he  displays,  and  of  the  heauty  and  conve- 
nience of  the  improvements  whit^h  he  prrtposes,  that 
any  one  can  acquire  such  an  influence  as  to  procure 
his  suggestions  to  be  adopted.  And  even  if  original 
circumstances  of  birth  or  position  could  invest  any 
one  with  pi^uliar  prerogatives  and  powers  in  the 
republic  of  science^  KarE  Linn^  began  hie  career 
with  no  such  advantages.  His  father  was  a  poor 
curate  in  Smaland,  a  province  of  Sweden;  his  boy^ 
hooil  was  spent  in  poverty  and  privation;  It  was 
with  great  ditHculty  that,  at  the  £^-e  of  twenty-cue. 
he?  eontrivetl  to  subsist  at  the  University  of  L'psal. 
whither  a  strong  piission  for  natural  history  had 
urged  liim,  llere,  however,  he  was  so  far  fortunate^ 
that  Olaus  Rudbeck,  the  professor  of  botany,  com- 
mitted to  him  the  care  of  the  Botuitie  Garden'. 
The  perusal  of  the  works  of  Vailiant  and  Patrick 
Blair  suf^ested  to  him  the  idea  of  au  arrangement 
of  plants,  formed  upon  the  sexual  organs,  the  ^rf^i- 
mens  and  pistils;  and  of  such  an  arrangemeut  he 
published  a  skotch  in  1731,  at  the  age  of  twenty- 
four. 

But  we  must  go  forwards  a  few  years  In  his  lite, 
to  come  to  ibc  period  to  which  his  most  important 
works  belong.  Cniversity  and  (amily  quarrels  in- 
duced him  to  traveJ ;  and,  after  various  chai^w^  of 
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scene,  he  was  settled  in  Holland,  as  the  curator  of 

the  splendid  botanical  garden  of  George  Clifford,  an 
Dpiibnt  hanker.  Here  it  na»'  that  he  laid  tho  foun- 
dation of  his  fuLurr  ^catni'^s.  lu  tlir  two  years 
of  hiK  residence  at  Harlecainp^  he  pub1i.^h4*d  nine 
works.  The  first,  the  Systernir-  NiJturc^^  which  con- 
tained a  comprehensive  sketch  of  the  whole  domain 
of  natural  history,  excited  general  astonishment,  by 
the  acutcncss  of  the  observations,  thi^  hjippy  talent 
of  oombinalion.  and  the  clearness  of  the  systematic 
views.  Such  a  work  could  not  fail  to  procure  con- 
siderable respect  for  its  author.  Jlis  Ifurlus  Cfiffor- 
(rttnrt:f  and  M}istt  Clifforiiuna  added  to  this  impres- 
sioii.  The  weight  which  he  had  thuji  acquired,  he 
proceeded  to  use  for  the  iiupruvemenl  of  botany. 
His  Fntitiif/H^nt'i  Boitrnica  and  Bibliotheca  Ho- 
£mnar  api>eari'd  in  1736 ;  hie  Cnf-icii  Bolanica 
and  Oenera  Piajif/rriim  in  1 7vI7 :  his  Clus»es  Plan- 
tit/^m  in  1738;  bis  Spec/en  Plantamm  was  not 
published  till  1753;  and  all  these  works  appeared 
in  many  successive  editions^  materially  modified. 

This  circulation  of  his  works  showed  that  his 
labours  were  producing  their  effect.  His  reputation 
^ew ;  and  he  was  soon  enabled  to  exert  a  personal, 
as  well  as  a  literary,  influimre,  on  students  of  natu- 
ral  history.  He  became  lk>tiinrst  Rnyal,  President 
of  the  Academy  of  Sciences  at  Stockholm,  and  Pro- 
fessor in  the  University  of  Upsal ;  and  this  office  be 
held  for  thirty-six  years  with    unrivalled    credit; 

■  Rpim^l,  ii  234. 
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exercising*  hy  means  of  his  lectures,  his  constant 
puIilicatiouB,  and  hh  rooverBatioii.  an  extraorilinarj 
power  over  a  multitude  ot"  zeabus  naturaiiats,  be- 
loDging  to  every  part  of  the  world. 

In  order  to  understand  more  elearly  the  nature 
and  effeet  of  the  reforms  introduced  b^  Liuuffius 
into  botan^f  I  shall  consider  thein  under  the  four 
following  boad3  :■ — Termivdogyy  Nomeiictaturty  Ar- 
tificial  System,  and  Natttral  Sj/steni- 

St^.  ^.—LinnartiJi  Rr/or7n  of  Boianical    Termi- 

It  must  bo  recollected  that  I  designate  or  Ter~ 
mijLolopf/,  the  system  of  tetiJia  employed  in  the 
destription  of  objects  of  natural  history;  wluie  by 
Nomn/ichttcre,  I  mean  the  collection  of  the  ija//«w  of 
sp&-um.  Tho  reform  of  the  descriptive  part  of  botauy 
was  ore  of  the  tasks  first  attempted  by  Linn^us; 
and  his  termiDology  was  the  instrument  by  which 
his  other  improvements  were  efiected. 

Though  most  readers,  probably,  entertain,  at 
first,  a  persuasion  that  a  wTiler  ought  to  content 
himself  with  the  use  of  common  words  in  their  com- 
mon sense,  and  feel  a  repugnance  to  technical  terms 
and  arbitrary  rules  of  phra*ieologj.  an  pedantic  and 
troublesome;  it  in  soon  found,  by  thti  student  of  any 
branch  of  science,  that,  without  technical  terms  and 
fixed  rules,  there  can  be  no  certain  or  progressive 
knowledge.     The  loose  and  infantine  grasp  of  com- 


REFORM  OF  LINN^US. 


341 


raon  langua^  cannot  holfl  olgocte  steadily  *.^Tnmgh 
for  scientific  exnTnioatioii,  or  lift  th(?m  from  one 
ata^.'  of  generalization  to  another.  They  must  be 
secured  by  the  rigid  mechanism  of  a  scientific 
phra^eolop'v.  This  necessity  had  been  felt  in  all 
the  sciences,  from  the  earliest  })eriods  of  Iht^ir  pro- 
gress. But  the  conviction  had  never  been  acted 
upon  so  as  to  produfc'  a  ilistinct  and  adequate 
descriptive  botanical  language,  Jung,  Lndecd\  had 
already  attempted  to  give  rules  and  precepts  which 
should  answer  this  purpose;  but  it  was  not  till  the 
''undm/n'iita  Bohmim  apjiearcd,  that  the  science 
uld  be  said  to  possess  a  fixed  and  complete  ter- 
TDinolc^y. 

To  give  an  account  of  such  a  terminologv,  is,  in 
to  give  a  description  tif  a  dictionary  and  gram- 
;  and  is  therefore  what  cannot  here  be  done  in 
det^L  Llniucus^s  work  contains  about  a  thousand 
nuK  of  which  tite  meaning  and  application  arc 
itftinctly  explained;  and  rules  arc  given,  by  which, 
in  the  use  of  such  terms,  the  botanist  may  avoid 
II  obscurity,  ambiguity,  unnecessary  prolixity  and 
pleiity,  and  even  inelegance  and  barbarism. 
■  course  the  greater  part  of  the  words  whifih  Lin- 
us thus  recognised,  had  previously  existed  in 
otankat  ^Titers;  and  many  of  them  had  been 
defined  with  technical  precision.  Thus  Jung'  had 
ready  explaiEK.Hl  what  was  a  co/uponik',  wliat  a 
binaUi  leaf;  what  kind  of  a  hunch  of  flowers  IB  a 
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^pikf.^  a  panicle,  an  umitit  a  rutyptb,  respectively. 
LiimjL^UB  (??it*?nd:Hl  piicb  distlactujiM^.  retaining  com- 
pl(?to  dt-arni^^s  in  tht-lr  HOparation.  TLns,  with  hun, 
composite  leaves  are  fiirther  distinguished  aa  dipi- 
futBt  pinnate,  hipinnate,  pedate^  and  so  on ;  pinnate 
Leaves  art'  itfjruptl}f  ko,  or  uTiih  on  odd  one,  or  iviih 
a  tendrii;  they  are  pinnate  itjtpotiiielpt  aU^^malelff^ 
ifUerntph'di-^^  artirftdat^tf^  decursivefy.  Again,  the 
inflorescettci!^  as  the  mode  of  assemblage  of  the 
flowers  is  called,  may  Im:  a  tufU  (^scicalus,)  a  head^ 
(cajiitulum,)  a  vbtsU'.ry  (raecmua,)  ^fmvrJt^  (thyraii^) 
a  panicle,  a  sp'tkc,  a  aitHti.  (amentum,)  a  cor^uUi, 
an  amU'L  a  ctfmt%  a  fchor!,  (verticiilus,)  And  the 
rules  whicli  he  gives' though  often  apparently  arbi- 
trary and  iiei'dlef^s  "-re  fouTid,  in  practice,  to  be  of 
great  ty.Tvict^  by  tlieir  fixity  and  eonnc:tion.  By  the 
good  fortune  of  having  had  a  teacher  with  so  much 
delicacy  of  tasle  as  Liniueus,  in  a  situation  of  so 
much  iuHucnc^,  Botany  possesseu  a  descriptive  lan- 
<;^age  which  will  long  stand  a£  a  model  for  all 
other  subjects. 

It  may,  perhaps,  appear  to  some  persons,  that 
Kuch  a  terminology  as  we  have  here  described  must 
he  eiiomiouhly  cumbrous;  and  that,  since  the  terms 
are  arbitrarily  invested  with  their  meaning,  the  in- 
vention of  them  requires  no  knowledge  of  nature. 
With  respect  to  the  former  doubt,  ue  may  observe, 
that  technical  description  is,  in  reality,  the  only 
description  which  is  clearly  intelligible;  but  that 
technical  lani^uage  cannot  be  understood  without 
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being  learnt  a^  nny  other  laiiffiiagi?  is  bamt;  thnt  in, 
tiio  rc-adiT  inu.Ht  comiect  tite  torms  imniDdtatGk  with 
hjs  own  acnsailons  and  notions,  and  not  mediately, 
through  a  verbal  explanation  ;  he  mu^t  not  have  to 
^ess  their  meaning,  or  to  discover  it  by  a  separate 
act  of  iaterpretatlon  intc  mure  famHIar  language  as 
often  an  they  oceur  Tht'  lan^uge  of  Initativ  must 
he  (he  botanist's  most  familiar  tongue-  WTien  the 
student  has  thus  learnt  to  Ihmk  in  botanical  lan- 
guage, it  is  no  idli7  distinction  to  tell  him  that  a 
^nck  of  grapes  is  not  a  ebisier ;  tha,t  is,  a  tftj/nftnt 
not  a  rarcvie.  And  the  terminology  of  botany  is 
then  felt  to  be  a  useful  implement,  not  an  oppres- 
sive burden  It  Ih  ooly  the  schoolboy  that  compkins 
of  the  irksonu'nefls  of  hin  grammar  and  vocabulary. 
The  accomplishJid  student  posaesseH  them  without 
effort  or  inconvenience. 

As  to  the  other  question,  whether  the  construc- 
tion of  such  a  bolanicnl  grammar  and  vocabulary 
implies  au  uxteusiv*?  and  accurate  acquaintance 
with  the  facts  of  nature,  no  one  can  doubt  who  is 
^miliar  mth  any  descriptive  science.  It  is  true, 
that  a  (>onwn  might  construct  an  arbitniry  scheme 
nf  distinctions  and  appellations,  with  no  attention 
to  natural  objects;  and  this  is  what  shallow  and 
self-coufident  persons  often  set  about  doin^j,  iu  some 
branch  of  knowledge  with  which  tfiey  are  imper- 
fectly acquainted.  But  the  ?^l[|r}]t.i'st  R,ttempt  to  Trse 
Mich  a  phraseology  leads  to  contuBion:  and  any 
continued  use  of  it  leads  to  its  demolition.     Like  a 
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ganneot  which  does  not  fit  us,  if  we  attempt  to 
work  ill  it  we  tear  it  in  pieces. 

The  fonnation  of  a  good  descriptive  language  is. 
in  fact,  an  inductive  process  of  tlie  same  kind  a& 
those  which  we  have  already  noticed  in  the  progress 
of  natural  history.  It  requires  the  dtscoPery  offi-xtd 
characters,  which  discovery  is  to  be  marked  and 
fixed,  like  other  inductive  steps,  hy  appropriate 
tec/ifiiciil  terms.  The  characters  must  be  so  far 
fixed,  that  the  things  which  they  connect  must  have 
a  more  permanent  and  real  association  tbaQ  the 
things  which  thej  leave  unconnected.  If  one  bunch 
of  grapes  were  really  a  raccroua,  and  another  a 
thjTsus,  according  to  the  definition  of  these  terms, 
this  part  of  the  Linn^an  langu^e  would  lose  its 
value;  because  it  would  no  longer  enable  us  to 
assert  a  general  proposition  with  respect  to  one 
kind  of  plants. 


SecL  3. — LinittFan  Rff&rm  qfBotanicai  N&inm- 
dature. 


g 


IiJ  the  ancient  WTiters  each  recognized  kind  of  plants 
had  a  distinct  name.  The  establishment  of  Genera 
led  to  the  practice  of  designating  Species  by  the  name 
of  the  genus,  with  the  addition  of  a  "  phrase  "  to 
distinp:uish  the  epecies.  These  phrases,  (expressed  in 
Latin  in  the  ahlative  ca^Ci)  were  such  as  not  only  to 
mark,  but  to  deseribe  the  species,  and  were  intended 
to  contain  such  features  of  the  plant  as  were  suffi- 
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jleul  to  distinguisH  it  from  others  of  the  same  genus. 
But  in  tbis  way  the  designation  of  a  plant  oflen  he^ 
came  it  Kmg  and  inconvenient  assemblage  of  words. 
Thus  different  kinds  of  Rose  were  described  aa^ 

t^Roaa  cAmpcaCris,  epinia  curenB,  biflora  (Rasa  slpina.) 

and  several  others.     The  prolixity  of  these  appel- 
lations, their  variety  In  every  different  author,  the 
insufficiency  and  confusion  of  the  distinctLCDS  which 
^tbey  coiitained,  were  felt  as  extreme  inconveniences. 
^uhe  attempt  of  Bauhin  to  remcily  this  evil,  by  a 
^Bvtionymy,  had,  as  we  have  seen,  failed  at  the  time, 
^■br  want  of  any  directing  principle;  and  wa«  liccome 
stiU  more  defective  by  the  lapse  of  yeara  an<!  the 
accumulation  of  fresh  knowledge  and  new  books. 
^Haller  had  proposed  to  distinguish  the  species  of 
^Boch  genus  by  the  numbers  1,  2j  3.  and  so  on  ;  but 
^BH)tanists  found  that  their  memory  could  not  deal 
^Brith  such  arbitrary  abstractions.    The  oeed  of  some 
better  nomenclature  was  severely  felt, 

Tlie  remedy  which  Linn^us  finally  introduced 

fBS  the  use  of  trivitd  uamort;  that  is,  the  dcsigna- 

don   of  each    speciea  by  the  name  of  the   genua 

long  with  a  ^uigU  conventional  word,  imposed 

ithout  any  general  rule.     Such  names  are  added 

[above    in    parentheses,  to   the    specimens   of  the 
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namcB  proriously  !n  una.  But  thnii^  thit>  rt^mi'd} 
was  found  to  \u}  eumplutc  ami  s^iti^^faotory,  lui^l  it 
now  uiiiv<?rsall}'  adopted  lo  every  branch  of  natural 
liistorj,  it  was  not  one  of  the  rotbrms  which  Lin- 
na?u5  at  first  proposed.  PL-rhaps  ho  did  uot  at  first 
see  ita  full  vulue;  or,  if  hs'  did^  wo  oiuy  suppose 
that  it  required  more  self-contidenee  thati  ho  pos- 
flcssed,  to  set  himself  to  introduce  and  oslnblish  icu 
thousand  new  names  in  the  IratanJcal  world.  Ac- 
cordingly, the  first  attcnipts  of  Linmous  at  ihv 
improvement  of  the  nomenelature  of  liotnn;^  wctv, 
the  proposal  of  fixed  and  careful  rtiles  for  the  gene- 
ric name,  and  for  the  de3criplive  phrase.  Tliu-s  in 
his  Critica  Botanico,  he  gives  man^v  precepts  con- 
cerning the  selection  of  the  name^  of  ^nera,  in- 
tended lu  secure  convenience  or  elegance.  For 
instance,  that  they  are  (o  be  single  worda*;  he 
substitutes  atropa  for  f>e/h  thnna,  and  korttodim  For 
rf^Fw  ft'miis :  that  they  ari?  not  lo  depend  upon  the 
name  of  another  genua",  as  ar.rhwftr.  agrinwnm- 
fks :  tiiat  they  are  not^  to  be  "sestpiipedalia ;"  and. 
Bays  he,  any  word  is  aesqu  i pedal ian  to  me,  which 
has  more  than  twelve  letters,  as  ktif^ifhi/lfotftrtidran^ 
for  winch  ho  substitutes  t^/hjr/rp/fim.  Th<)uj?h  some 
of  these  rule.'^  may  seem  pedantic,  there  is  no  douht 
that,  taken  alloj^then  they  teud  cNceedingly.  like 
the  labours  of  piinsts  in  other  lan^a^es,  to  exclude 
extravagance;  caprice,  and  barbarism  m  botanii^ 
speech, 

■  Phit  not.224.  '  \W  22n,  330,  ■  lb  SI! 


REFORM  OF  LINN^US. 


347 


The  precepts  which  he  gives  for  the   matter 
f  the  "  descriptivi?  phrase,"  or,  as    it   is  termed 
io  the    bngiuio;e  oC  the  ArLstotwliaii  logicians,  the 
**  differentia,"   are,    for   the  most   part    results  of 
e  general  rule,  that   the  most   fixed    characters 
hich  can  be  found  are  to  be  used;   this  rule 
g  interpreted  according  to  all  the  knowledge 
f  plants  which    had  then    beon    acquired.      The 
language  of  the   njles  was,  of  couft>e,  to  be  re- 
gulated  by  the   terminology,   of   which    we   have 
already  spoken, 

I  Thus*  in  the  Critica  Boltittica,  the  name  of  a 
plant  is  considered  as  eonsisting  of  a  generic  jcord 
nd  a  specific  pkrfise :  and  these  are,  he  sa}'S%  the 
ht  and  left  hands  of  the  plant.  But  he  then 
,ks  of  another  kind  of  name ;  the  trir-iai  nutiic 
which  is  op^Kisetl  to  the  scientifie.  Such  names 
ere.  he  says',  those  of  his  predecessors,  and  espe- 
Uy  of  the  most  ancient  of  them.  Uitherto"  no 
'rules  had  been  given  for  their  use.  He  niauifoetly, 
^^at  this  peritid,  hiis  small  regard  for  them.  "  Yet," 
Hhe  says,  ^'trivial  names  may,  perhaps,  be  used  on 
this  account, — that  the  differentia  often  turns  out 
too  long  to  be  convenient  in  common  use,  and  may 
^Jrcijuire  change  as  new  sjiecics  are  discovered. 
^■However,'*  he  continues.  "  in  this  work  we  set  surb 
"names   aside  altogether,  and   attend    only  to  the 

'rif.s  PlnnUfrum,  (he  work  which 
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gave  geQeral  currency  to  these  trivial  names,  he 
does  not  seem  to  have  yet  dared  to  propose  so  great 
a  uovelt}'.  Tliey  only  etand  in  the  margin  of  the 
work.  "I  have  (ilat^d  theni  there/'  he  says  in  his 
Preface,  **that,  without  circumlocution,  we  niay  call 
every  herb  by  a  single  name;  I  have  done  this 
without  selection,  which  would  require  more  time. 
And  I  beseech  all  sane  botanists  to  avoid  most  reli' 
giously  ever  projiosing  a  trivial  name  ulthout  a 
sufficient  specific  distinction,  lest  the  science  should 
fall  into  its  former  barbarism," 

It  caikuot  be  doubted^  thjit  the  general  rcccptmn 
of  these  trivial  names  of  Linuiciis,  as  the  current 
latiguage  among  botanists,  was  due,  in  a  very  great 
degree,  to  the  knowledge,  care,  and  skill  uith  which 
his  characters,  both  of  genera  and  of  species,  were 
constructed.  The  rigorous  rules  of  schn^tioTi  and 
expression  which  are  proposed  iii  the  Fuvdajinfjitn 
Botanica  and  CrHw  Botanica^  he  himself  con- 
formed to;  and  this  scrupulosity  was  employed 
upon  the  rc^ult^  <pf  immense  labnur.  "In  order 
that  I  might  make  myaelf  ut'ijuaiiitcd  with  the  spe- 
cies of  plants,"  he  saySr  in  the  preface  to  his  work 
upon  them,  "  I  have  explored  the  Alps  of  Lapland. 
the  whole  of  Sweden,  a  part  of  Norway,  Denmark, 
Germanyn  Belgium,  Plngland,  France:  I  have  ex- 
amined the  Botanit^l  Ganlens  of  Taris.  Oxford. 
Chelsea*  Hariecamp,  Leyden,  Utrecht.  Amsterdam. 
Upsal,  and  others:  I  have  turned  over  the  Hertials 
of  Rurser,  Hermiiuii,  f'litibrd,  Tlunnann,  Oldenland, 
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rronovius,  Royer,  Sloane,  Slierard,  Bobart,  Miller, 
Tournefort,  Vaillant,  Jiissieu,  Suritn,  Beck,  Brown, 
kc :  my  dear  disciples  have  gone  to  distant  lands, 
H^nd  sent  me  plants  from  thence ;  Kerlen  to  Canada, 
Hasseli|uist  to  I^gypt,  Asbech  to  China,  Toren  to 
Surat,  Solander  to  England,  Alstrcemer  to  Soutlien] 
_Eiiropc,  Martin  to  Spitzbergen,  Ptintin  to  Malabar, 
[cehler  to  Italy,  Forskahl  to  the  East,  Lcefling  to 
Kontln  to  Lapland:    my  botanical  friends 
ive  sent  me  many  seeds  and  dried  plants  from 
Tarious  countries:  Lageratrom  many  from  the  East 
Indies;  Gronovius  most  of  the  Virginian;  Gmetin 
all   the  Siberian;    Bumiann    those  of  tlie  Cajre.'' 
And  in  couslstency  with  thi^^  habit  of  tmnkeii^^e  (Col- 
lection of  materials,  is  bis  maKini",  that  ^^a  person 
Uis  a  better  botanist  in  proportion  as  he  knows  more 
Htp^cles."     It  will  easily  be  seen  that  this  maxim, 
like  Newton^s  declaration  that  discovery  requires 
patient  thought  alone,  refers  only  to  the  exertions  of 
which  the  man  of  genius  is  conscious;  and  leaves 
Hput  of  sight  his  peculiar  endowments,  which  he 
^■H^  not  see  because  they  are  }>art  of  bis  power  of 
^Bision.    With  the  taste  for  r^ymmetry  which  dictated 
the  Critical  Bolamt^a^  and  the  talent  for  classifica- 
tion which  appear  in  the  Genf:ra  Plant<ii-vm.  and 
the  Sffgfetuff  Natur/ey  a  person  must  undoubtedly 
rise  to  higJier  steps  of  elat^sifieatory  knowledge  and 
skill,  as  he  became  acquainled  with  a  greater  num- 
[ber  of  facts. 


"  PAfi  Bot.   259. 
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The  acknowled^od  superiority  of  Ljmi:piis  in  itu' 
knowledge  of  the  matter  of  his  science,  induccrl 
other  persons  to  deter  to  him  in  what  coiicemed  its 
form;  especially  when  his  precepts  were,  for  the 
most  part,  recommended  strongly  hoth  by  con- 
venience and  elegance.  The  trivial  names  of  the 
Species  Pinnt<irmv  were  generally  received;  and 
though  some  of  the  details  may  have  been  altered. 
tlio  imniensc  advantage  of  the  scheme  ensures  its 
pcnnanence. 

Sect.  4. — Lin/nfffis's  Artifdai  Sif»UnK 

We  have  already  seen,  that,  from  the  time  of  Cjc 
j>iniLS,  botanists  had  hecn  ('ndeavourinpr  to  fram**  n 
systematic  arrangement  of  plants.  All  such  ar- 
rangements were  necessarily  both  artificial  and 
natural:  they  were  artifif.ialt  inasmuch  as  they 
depended  upon  assumed  principles,  the  number. 
form,  and  position  of  certain  parts,  by  the  application 
of  which  the  whole  ve^^ta-ble  kingdom  was  impera- 
tively subtlivideii:  they  were  natural^  inasmuch  a« 
the  justification  of  this  division  was,  that  it  brought 
together  those  plants  which  were  naturally  related, 
No  system  of  arrangement,  for  instance,  would  have 
been  tolerated  which,  in  a  great  proportion  of  cases. 
separated  into  distant  parts  of  the  plan  the  different 
species  of  the  same  genus.  As  far  as  the  main  body 
of  the  genera,  at  least,  all  systems  are  natural. 

But  litiginQing  from  thifi  line,  we  may  construct 
our  systems  with  two  opposite  purposes.  aerordinL' 
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we  cndoavuur  to  c.irrj  our  assumi!*!  principle  of 
mon  rigorously  ami  4?oTisistcntly  thnm^li  i\w.  sy&* 
or  as  we  wish  to  associate  natural  iamilies  of 
wider  kind  than  ^cera.  The  former  propeositjr 
s  to  an  artificial,  the  latter  to  a  Datural  method, 
■h  in  a  SffyUmi  of  Phntts ;  but  in  the  first,  thn 
emphasis  is  thrown  on  the  former  word  of  the  title, 
in  the  other,  on  the  latter. 

The  Htrongesl  recommendation  of  an  artificial 
stem,  (besides  its  approaching-  tii  a  natural  me* 
od,)  is.  that  it  shall  he  rapHhle  of  vimy  use;  for 
hich  purpose,  the  facts  on  which  it  depends  must 
apparent  in  their  relations,  and  universal  in  thoir 
rrence.     The  system  of  Linnieus,  founded  npon 
ihe  nnmher,  position^  and  other  eircurastanees  of 
the  slamiEia  and  pistils,  the  reprodnctive  organs  of 
,he  plants,  possessed  this  merit  in  an  eminent  de- 
gree, as  far  as  thoBC  characters  arc  nonccrnrd;  that 
is.  as  lar  as  the  c/(Hfircn  atid  orrhn^.     In  its  further 
ubdivision  into  genera,  its  superiority  was  mainly 
ue  to  the  exact  obsen'ation  and  descriptioji,  whii^h 
e  have  already  had  to  notice  ^  talents  which 
Linnfeus  pecuJiariy  posseased. 

The  Linntean  system  of  plants  was  more  definite 
an  that  of  Toumefort,  which  was  governed  by  the 
corolla  ;  for  number  is  more  definite  than  irregular 
tbrm.     It  wa^i  nu^re  ri^adily  employed  than  any  of 
which  depend  on  tlie  fruit,  for  the  flower  ia 
more  ohvious  object  and  more  easily  examined. 
itilL  it  can  hardiv  l>e  doubted,  that  the  cireutn- 
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stance  which  gave  the  main  currency  to  the  fijstem 
of  Linntens  was,  its  physiolo^cal  signification:  it 
was  the  Sexual  System.  The  relation  of  the  part* 
to  which  it  directed  the  attention,  interested  both 
tbe  pliilosophieal  faculty  aud  the  inia^natioD.  And 
\vheD,  soon  after  the  system  had  become  familiar  in 
our  own  country,  the  poet  of  The  BoUimr  Oardfiti 
peopled  the  bell  of  every  flower  with  "Nymphs"  and 
"Swains,"  his  imagery  was  fell  to  be  hy  no  means 
forced  and  far-fetched. 

The  history  of  the  doctrine  of  the  sexes  of 
plants,  as  a  point  of  physiology,  does  not  belong  to 
this  place ;  and  the  Linuiean  system  of  classification 
neftd  not  be  longer  dwelt  ujnm  for  our  present  pur* 
pose.  1  will  only  explain  a  little  further  what  has 
been  said,  that  it  is,  up  to  a  certain  point,  a  natural 
system.  Several  of  Llnnseus^s  classes  are,  in  a  great 
measure,  natural  associations,  kept  together  in  vio- 
lation of  his  own  artificial  rules.  Thus  the  class 
Diadelpkia,  in  which,  by  the  system,  the  filaments 
of  the  stamina  should  be  hound  together  in  two 
parcols,  does,  in  fact,  contain  many  genera  which 
are  nwnaMp/iovjf,  the  filaments  of  the  stamina 
all  cohering  so  as  to  form  one  bundle  only;  as  in 
Genista,  Spat'tium,  AnthyUis^  Lapinus,  Arc,  And 
why  is  this  violation  of  rule?  Precisely  because 
these  genera  all  belong  to  the  natural  tril)e  of  Papi- 
lionaceous plants,  which  the  author  of  the  system 
could  not  prevail  upon  himself  to  t«ar  asunder.  Vet 
in  other  cases  I-iunicus  was  true  to  his  system,  to 
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e  iojurj  of  natiinl  allianceR.  qr  ho  was,  for  in- 
ancp.  in  another  portion  of  this  very  tribe  of 
'apiiiontti^a;  for  tliere  are  piaats  which  undoubt- 

Iv  bpbng  to  the  tribe,  but  which  have  t^n  sepa- 
te  stamens:   ami  these  he  placed  in  the  ordor 

r^ivdrifi.  Upon  the  whole,  however,  he  inclines 
ither  to  admit  trann^ession  of  art  than  of  nature. 

The  reason  of  this  inclination  was.  that  he  ri^^htly 
nsidereil  an  artific:ia1  int^thod  as  instrumental  to 
e  investigation  of  a  natural  one ;  and  to  this  part 

his  vicwfl  we  now  procpcH. 


\.  5. — LinitfFus's  Viejr^  on  rt  Natural  Method, 


*BK  admirers  of  Linnxus,  the  English  especially, 

'ere  for  some  time  in  the  habit  of  putliug  his 

!Kual  System  in  opposition  to  the  Natural  Method, 

■hicli  about  the  same  time  was  attempted  in  Trance. 

'And  as  they  often  appear  to  have  imagined  that  the 

iiltimati'  ohjt-et  of  liotanical  methodii  was  to  !>now 

the  names  of  pbmts,  they  nutiiraliy  preferri'd  the 

Iwedish  method,  which  is  excellent  as  a  flndf^r. 

To  person,  however,  who  wishes  to  know  botany  as 

aence,  that  is,  iLs  a  body  of  ^neral  truths,  can 

content  with  making  names  his  ultimate  oljeet. 

Such  a  person  will  l»o  constantly  and  irresistibly  led 

»ii  to  attempt  to  cateli  sight  of  the  natural  arrange- 

lent  of  plants,  even  before  he  discoveifi,  as  he  will 

liscover  by  pursuing  such  a  course  of  study,  that 

the  knowledge  of  the  natural  arrangement  is  the 

VOL.  Til.  A  A 
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kiiowliMlgf?  of  thr  :^8S'.Titinl  ooiistrLirtion  and  vita^ 
mechaaisni  of  plants,  lie  will  consider  an  anifirlal 
method  a£  a,  nioaiis  of  arriviji^r  ax  ^  n;ihjral  iLtcthoii 
Accordbi^ly,  howcvc^r  much  somw  of  his  followers 
nray  have  overlooked  this,  it  i»  what  Lintifrus  him- 
self always  held  and  taught.  And  though  what  he 
executed  with  regard  to  this  object  was  but  little". 
th<'  distinct  manner  in  which  hi-  pn-scnted  tlie  tvla- 
tions  of  an  artificial  and  natural  method,  may  justly 
he  looked  upon  as  one  of  the  great  Improvemenls 
which  he  intrwluccd  into  Ihc  study  of  his  science. 

Thus  in  the  C/r^ffrf  PlanUfntm.  (IMT,)  he 
speaks  of  the  difficulty  of  the  task  of  discovering 
the  natural  orders,  and  of  the  attempts  made  by 
otherp.  "Yet,"  he  adds,  '^I  too  have  lahiiun^d  at 
this,  have  done  something,  have  much  still  to  do. 
and  shall  labour  at  the  object  as  long  as  I  live." 
He  afterwards  proposed  sisty-seven  orders,  as  the 
fni^'uientfi  of  a  natural  mi^thod,  always  professing 
their  imperi'L-ction^^  And  in  others  of  lira  works'* 
he  lays  do-ft-n  some  antitheses  on  the  subject  after 
\\\h  manner.  "The  natural  orders  teach  us  the 
nature  of  plants ;  the  artificial  orders  enable  us  to 
recognize  plants.  The  uatural  orders,  without  a 
key,  do  not  constitute  a  Method ;  the  Method  ought 
to  be  available  without  a  master." 

*'  Tlw  natural  uninra  wIulIi  lie  jtrupo'^eil  fire  a  Imre  rniiim'- 
mtiirii  "f  yi.'iieni>  miJ  li-tvi'  mrt  lutii  gL-iLt-tiiUv  ri>lii<nefl. 

'^  Phil.  Hoi.  p.  m. 

"  G^tra  J*hntarf>m.   lyfvJ.      S*y'   Pririrrl.    in    Or'I.   Wat. 
\u  Jtlviii' 
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That  t'xtrenuMiirticiilty  must  uttaid  the  forma- 

Hon  of  a  Natural  Method,  may  be  seeu  troni  the 

'Ty  iuilt^tinitu  nature  of  the  Aphorisms  ujuin  this 

I     subject  which  Linn;eus  lias  ddivenv!,  aiul  which  the 

^Kest  hotitiiistfl  of  siicceediiig  tiraPH  have  assented 

^Bd.     Siicli  are  these;- — the  Natural  Orders  must  be 

formed  bv  attention,  not  to  one  or  two,  but  t<)  ftll 

te  parts  of  plautM — the  same  organs  are  of  great 

iportanee  in  rt'^nilatin£r  the  divisions  of  one  part 

the  system,  and  of  small  importance  in  another 

'; — the  Character  does  not  coofitkute  the  Genus, 

it  the  Genus  tlie  Character; — the  Character  is 

^cessary,  not  to  make  the  Genus,  but  to  recognize 

The  va^eness  of  the.^ie  maxims  is  easily  seen  ; 

le  rule  of  attending  to  all  thL-  parts,  iniplieH,  that 

re  art'  to  e&tiiiiatc  their  relative  importajice,  either 

physiolo^cal  considerations,   [and  these  again 

to  arbitrary  rules,  as.  for  instance,  the  supe- 

irity   of    tho   fujietlon    of   uutrilioii    to    tluit    of 

"reprodurfion,)    or   by  a  sort  of  ]ri,tent   naturalist 

:inct*  tthich  Linnaeus  in  some  passages  seems  to 

L-ogniae.  "The  Habit  of  a  plant,"  he  says'",  "must 

secretly  consultcnj.     A   pra<:tiaed  botanist    will 

listiuguinh,  at  the  first  glance,  the  pbmts  of  dif- 

jrenl  quarters  of  the  globe,  and  yet  will  be  at  a 

»ss  to  tell  by  what  mark  he  detects  them-     There 

I  know  not  what  look, — sinister,  dry,  obscure  in 

rican  plants ;  ^u^arb  and  elevated,  In  the  Af^iatic; 

^'  PhU.  Hot.  Y^  }7S.  "  Ik  p.  171. 

AA5 


350 


illSTORV  OF  liOTAm". 


smooth  and  cheerful-  in  the  American  ;  stuntetl  anrf 
indurated,  in  the  Alpine/' 

Again,  the  rule  that  the  same  [jarts%re  of  verv 
"iifterent  vah^e  in  clitfercnt  OrUcrj;.  not  only  leaver 
ufl  in  want  of  rules  or  reasons  which  m^y  enable 
ns  to  compare  the  marks  of  different  Orders,  but 
destroys  the  systematic  eompletenesG  of  the  natural 
iiiTiiMgemont.  If  Sionie  of  the  Orders  be  regiilati;4l 
by  the  flower  and  others  hy  the  fniit,  avc  vjny  have 
plants*  of  which  the  flower  would  place  them  in 
one  Order,  and  the  fruit  in  another.  The  answer 
to  this  djthetiltv  is  the  maxim  already  stated : — that 
no  Character  withes  the  Order;  and  that  if  a  Cha- 
racter do  not  enable  us  to  recognize  the  (^rder, 
it  does  not  answer  Its  purpose,  and  ought  to  be 
changed  for  another. 

This  doctrine,  that  the  Character  is  to  be  om- 
pioyed  as  a  servant  and  not  as  a  master,  was  a 
stumbling-block  in  the  way  of  those  disciples  who 
looked  only  for  dogmatical  and  universal  rules.  One 
of  Linnapus's  pupils,  Paul  Dietrich  Giseke,  has 
given  US  a  very  lively  account  of  his  own  perplexity 
on  having  this  view  propounded  to  him,  and  of  the 
way  in  which  he  stru^led  with  it.  He  had  com- 
plained of  the  want  of  intelligible  grounds,  in  the 
collection  of  natural  orders  g^ven  by  Linnaeus.  Lin- 
naeus'' wrote  in  answen  *'Vou  ask  me  for  the  cha- 
racters of  the  Natural  Onlers:  1  confess  I  eaniiot 
give   them."     Such    a    reply    naturally    increased 

"  LtHttai  Prtrfn-lianrjtf  Prrf.  p.  xv. 


REFORM  OF  LINN^US. 


357 


Gisekes  dif&cutties.     But  ^illerwards.  in   1771t  he 
had  iliG  gocj'I  fortune  to  impend  soniD  timt^  at  Upsal; 
^^ad  he  Tiarrales  a  cocvorsation  which  ho  held  with 
the  great  teacher  on  tliis  subject,  and  which  1  think 
inav  serve  to  show  the  nature  of  the  difftcultj; — 
one  by  no  mcJiii!^  ea.silv  renioved.  find  by  the  general 
reader^   not   even   readily  romprehendril   with    dis- 
tiuctnesis.    Giseke  began  by  conceiving  that  an  Order 
^^trtit  hare  tbat  attribute  from  which  its  oaoie  Is 
derived  ; — Ihat  the  UmiieUiii^  must  have  their  Howrr 
dis|>osed    in    an    uiubeL      The    ''  mighty   master" 
smiled",  and  told  him  not  to  look  at  names,  but  at 
nature,     "But'  (said  the  pupil)  "what  is  the  wac 
of  the  name,  if  it  dnes  not  mean  what  it  professea 
to  mean?"     '^It  is  of  small  iTtiiKjrt"  (replied  LJo- 
iia?u5)  "^ychat  you  c^/^the  Order,  if  you  take  a  pro- 
per series  of  plants  and  give  it  some  name,  which 
is  rlc'arly  underst^jod  to  apply  to  the  plantfi  which 
you  hjive  jL^soeiated.     In  sueli  cases  uis  you  refer  to, 
^1  followed  the  It^ical  rule,  of  borrowing  a  name 
^H  potion,  from  the  principal  member.     Can  you" 
^^^e  abided)  ''give  me  the  character  of  any  mngls 
OrdefT   Gimke.  "'Surely,  the  character  of  the  Um- 
l}tIhtUE  is  that  they  have  an  umbel  ?'*     LiJitf<Pits, 
"Good;  hut  there  are  plants  wkich  have  an  umbel. 
^and  are  not  of  the  UmhcUaUe"     G,  "I  remember. 
^H^c  mu-^t  therefore  add,  that  they  bave  two  naked 
^Bceds."     /..  '-Then,  Mvhinojihora^  which  has  only 
^ODe  seed,  and  Eryufiiuw,  which  has  not  an  umbel, 
"  "Subrioit  fp  waMw.' 
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will  oot  be  Umhellatw;  and  y"?t  they  art  of  tht- 
Order/"  O.  "I  would  place  EryH'jhtm  among  tbe 
Affpre^irf^y  L.  "No;  both  are  beyond  difipule 
VmhdUitfp^  ErtpiglmR  has  an  involucnun.  fivf 
stamina,  two  pistils,  Ac,  Try  again  Jbr  your  Cha- 
racter/' G.  "  I  would  transfer  su<?h  plants  to  the 
end  of  the  Ordrr,  and  make  thetn  form  the  trana- 
tion  to  th<:  iiL'xt  Order.  Erymjimn  would  connect 
the  UmheUatiV  with  the  Afigre^attr"  L.  "  Ah  '  my 
good  friend,  the  Tratmtitm  from  Order  to  Order  is 
one  thing;  the  Character  of  an  Order  is  aaotber. 
The  Transitions  [  conid  indicate ;  but  a  CUararter  of 
a  Natural  <!>rdcr  is  impossible.  I  will  not  ^ve  my 
reasons  for  the  distribution  of  Natural  Orders  which 
I  bave  published.  You  or  some  other  person,  after 
twenty  or  uftor  fifty  years,  will  discover  them,  and 
see  that  1  was  in  the  right" 

1  have  give  a  portion  of  this  curious  converaa- 
lion,  in  order  to  show  that  tbe  attempt  to  establish 
Natural  Orders  leads  to  convictions  which  are  out 
of  tlio  domain  of  the  systeraatfc  grounds  on  which 
they  profess  to  proceed,  I  believe  the  real  state 
of  tbe  case  to  be,  that  the  systemati^t,  in  such 
instances,  is  guided  by  an  unformed  and  undeve- 
loped apprebension  of  physiological  futiclions.  The 
ideas  of  tbe  ibrm,  number  and  figure  of  parts  are* 
in  some  measure,  overshadowed  and  superseded  by 
the  rising  perc(?ptioii  of  organic  and  vital  relations; 
aiul  tike  philosopiit^r  w)lo  aiin^  at  a  Natimil  Method^ 
while   he  is   endeavouring  merely  to  explore  the 
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I  apartment  in  which  he  bad  placed  himself,  that  of 
Arrangement,  h  leil  bnjimd  it,  to  a  point  where 
another  light  hegina,  though  dimly,  to  he  Sfcii;  he 
is  brought  with  in  the.  iiiilui^nrr  tti'  the  \dvns  of  Orga- 
nization and  Life. 
The  sciences  which  deprnd  ni\  these  ideas  will 
be  tlio  subject  of  our  coTLsidE^rsLtioii  bcrnaftor.     But 
what  has  heen  said,  may  perhaps  serve  to  explain 
tlie   acknowledged  and  inevitable    imperfection  of 
Hthe   un physiological    Linna?an  attempts  towards  a 
natural  method.     *' Artificial  Classes  are,"  Linnfcus 
lys,  *-a  substitute  tor  Natural,  till  Natural  are  de- 
leted,"    [But  we  have   nut  yet  a  Natural  Method, 
Nor,'  he  says,  in  tht*  conversation   above  eltcd, 
can  we  have  a  Natural   Method;   for  a  Natnml 
Ictbod   implies  Natural  Classes  and  Orders;  and 
these  Orders  must  have  Characters/'  "And  they,"  he 
jvdd^  in  another  pl;Lee'\  "  who,  thou^^b  they  eaiiuot 

I  obtain  a  complete  Natural  Metboii,  arrange  plants 
according  to  the  fragments  of  such  a  method,  to 
the  rejection  of  the  Artificial,  seem  to  me  like  per- 
Bous  who  pull  down  a  convcnieat  vauiteil  room, 
iind  set  about  building  another,  though  they  cannot 
turn  the  vault  which  is  to  cover  it." 

How  tar  these  considerations  deterred  other  per- 

^^ODS  from  turning  their  main  attention  to  a  Jiatund 

^method,    we  shall    shortly  see;   btit  in  tbe  mean 

time,  we  must  complete  the  history  of  the  LinnH^an 

Reform. 
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SecL  6, — Reception  and  Diffusion  iif  the  Liarrfcan 
Rffona. 

We  hflvp  already  seen  tliat  LinriiEUS  recoivtd,  from 
his  own  country,  honours  aud  emoluments  which 
mark  his  reputation  as  established,  as  early  as  1740; 
aud  Uy  his  publications,  his  leeture^^  mid  bis  per- 
sonal eomrauuit^tions,  he  sociu  drew  round  him 
many  disciples,  whom  he  impressed  strongly  with 
his  own  doctrines  and  methods.  It  would  s^etn 
that  the  sciences  of  classificatton  tend,  at  lea^t  la 
modern  times,  more  than  other  sciences,  to  coUoct 
about  the  chair  of  the  teacher  a  Targe  body  of 
zealous  and  obedient  pupils;  Linnaeus  and  Werner 
were  by  far  the  most  powerful  heads  of  schools  of 
any  men  who  appeared  lu  the  course  of  thi^  last 
century.  Perh<ijjs  one  reason  of  this  is,  that  in 
these  sciences,  consisting  of  such  an  enormous  mul- 
titude of  species,  of  descriptive  particulars,  and  of 
previous  classifications,  the  learner  is  ih']icm[cnt 
upon  the  teacher  more  eompklcly,  and  for  a  longer 
time,  than  in  other  subjects  of  speculation:  he 
cannot  so  soon  or  so  easily  cast  utf  the  aid  and 
influence  of  the  master,  to  puraue  reasonings  and 
hy]>ollieses  of  his  own.  Whatever  the  cause  may 
be.  tlie  fact  is,  that  the  reputation  aud  uutlioritv 
of  Linnaus,  in  the  latter  part  of  his  life,  were  uu- 
meuse.  He  enjoyed  also  royal  favour,  for  tlie  King 
and  QuccTi  of  Sweden  were  both  fond  of  nulural 
history.     In  17.'):?.  Linmeus  received  from  the  hantl 
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his  sovereign  the  knighthood  of  the  Polar  Star, 
an  honour  which  bad  never  before  been  conferred 
for  literary  meril ;  ami  in  }7iyQ,  was  rdswl  to'  the 
rank  of  Sfteilisli  nobiiitv,  by  the  title  of  Von  Linn^; 
artil  this  Uistinption  was  confimiril  h_v  the  Diet  in 

7^2.     He  lived  honoured  and  courted,  to  the  age 

seveiity-oue ;  and  in    177S  was  buried  in   the 

cathedral  oi'  l^psal,  with  many  testimonies  of  public 

aspect  and  veneration, 

De  Candolle^  assigns,  as  the  causes  of  the 
successes  of  the  Linujean  s_Tstein, — the  si>ecif]c 
names, — the  eharaeteri.ntie  phrase.— the  fixation  of 
descriptive  language, — the  distinction  of  varieties 
aiid  speeies,^ — the  extension  of  the  method  to  all 
the  kingdoms  of  nature^- — and  the  practice  of  intro- 
ducing into  it  the  species  most  recently  discovered. 

%\s-  last  course  Linnaeus  constantly  pursued ;  thmi 

laking  his  works  the  most  valuable  for  matter,  as 

they    were   the    most   convenient   in    tbrni.      The 

'nenki  ditlusioii  of  his  methods  over  Europ^t  niay 

le  dated,  perhajLs,  a  few  years  after  1 7fJ0,  when  the 
tenth  and  the  succeeding  editions  of  the  ^tfntema 

htarte  were  in  circulation,  professing  to  include 
^every  species  of  or^'anized  I>E!iiigt-.     liut  his  pu|)ils 

Bud  correspimdents  effected  no  less  thaii  his  books, 
I  giving  cnrreney  to  his  system.      In  Germany'^  it 
Wb  defended  by  Ludwig.  Gesner,  FabrJoiue,     But 
Ilaller,  whose  reputation  in  [ihysiology  was  as  great 
'  Linujeus  in   nu-thod'do^,  rtjccted   it  as 
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too  merely  artiHciaL  In  Franct*,  it  diU  not  maki' 
any  rapid  or  extfusive  pro|^ess:  the  best  l-Vouch 
botanists  wpre  at  tliis  tinic  iH^cupiird  with  iiiv  solu- 
tion of  the  great  prohleui  nf  the  eoustruetion  of  ■ 
natural  method.  And  though  the  rhetorician  [tiuis- 
seau,  charmed,  we  mav  siLppoge^  ^vith  the  ele^iil 
precision  of  the  I'/i/liwopftm  Jiotonira^  declared  it 
to  he  the  must  philosophical  work  he  had  ever 
read  in  bis  life,  Bulfon  and  Adanscu,  describers 
and  philosophers  of  a  more  ambitious  school  fell  a 
repuffiiaucc  to  the  rigorous  rules,  and  limited,  but 
fiiiislied.  uudt-rtakings  of  the  Swedish  ujituralist.  To 
resist  his  criticism  and  his  inHuence,  they  armed 
themselves  with  dislike  and  conterapl. 

In  England  the  Linn^an  system  was  very  favour- 
ably receiveil: — perhaps  the  more  favonnibly,  for 
being  a  strictly  artiJicial  system.  For  the  inde- 
finite and  unfinished  form  which  almost  inevitably 
clings  to  a  natural  method,  appears  to  bo  ptruli^irly 
distastuful  to  nur  countrymen,  h  might  st^cm  as 
if  the  sus|H"n^i.'  and  praviiig  which  cemes  with  know- 
ledge confessedly  inconipiete  were  so  disagrepabli' 
to  them,  that  they  were  willing  to  avoid  it,  at  any 
rate  wliatevor;  cither  by  rejecting  Kvsttiii  altogether^ 
or  by  accepting  a  dognintical  systeju  w^ithout  re- 
serve. The  former  has  been  their  course  in  recent 
times  witii  regard  to  Mineralogy;  the  latter  wajw 
their  proceeding  with  resjiect  le  the  IJnua-un 
Botany,  It  in  in  this  rontitry  alone.  I  belirvc-,  thai 
Wtrrnn'hu  and  UunerfW  Societies  have  hem  inrti- 
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tutcd.  Such  ap|]etl!ition»4  somewhat  remind  its  of 
the  Aristotelian  aod  Platonic  schools  of  ancient 
Greece.  In  the  same  spirit  it  ^as,  that  the  iirtificial 
nstem  was  at  onL>  time  hero  considered,  not  ah 
subsidiary  and  preparatory  to  the  natural  onlers, 
but  as  opposed  to  tliem.  This  was  much  as  if  the 
disposition  of  an  aniiy  in  a  review  shculd  ho  con- 
sidered as  inconsistent  with  another  arrangement 
lof  it  in  a  battle. 

When  Linnasus  visited  England  in  I73fi,  Sloane, 
thcu  the  patron  of  natural  history  in  this  country, 
is  sairl  to  have  given  him  a  cool  reception,  such  as 
was  perhaps  most  natural  from  an  old  man  to  a 
young  innovator;  and  Dillenius,  the  professor  at 
Oxford,  did  not  accept  the  sexual  system.  But  as 
Pulleney,  the  historian  of  English  Botany,  says, 
when  his  works  became  known,  "the  simplicity  of 
the  classical  characters,  the  uniformity  of  the  gene- 
rii:  notes,  all  confined  to  the  parts  of  the  fructitiea- 
tioiL  and  the  precision  which  marked  the  specific 
distinctions,  merits  so  new,  sood  commanded  th^ 

*nt  of  the  unprejudiced." 

Perhaps  the  progress  of  the  introduction  of  the 
Ltnaiean  System  into  England  will  be  best  uudcr- 
Blood  from  ti^c  statement  of  T.  Martyn,  wlio  was 
Professor  of  Botany  in  the  yiiiv<?rsity  of  Cambridge, 
from  1761  to  1825.  "About  the  year  1750,"  he 
nys",  "I  was  a  pupil  of  the  school  of  our  great 
countryman  llay;  bnt  the  rich  vein  of  knowledge. 
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the  prof"  HI n (In ess  and  precision,  which  1  remarkeJ 
evervwhtrt'  lu  i\\e  VhUosophhi BoUmka,  (published 
ID  17.J],)  Httiidn^AV  Tn(^  from  i\iy  first  masttT,  and  f 
beoaint'  a  dpcided  convert  to  thut  svstem  of  botany 
whii^h  has  siucc  bepn  goner  ally  received.  In  1753, 
the  Spefi'.'^  Piinttttmm^  uhich  first  introduced  the 
specitic  namp?i.  made  me  a  Linu^au  coia]>]etL'lj-/' 
In  17iiy,  III"  iiitr(>dueod  the  system  in  hi^  lL*cturpj* 
at  Camhriilgi.'.  and  these  were  the  first  Limiasan 
lectures  in  England.  StiilJn^Heet  had  already,  in 
1767,  and  Lee,  in  1700,  called  the  atti^ntiun  of  Eng- 
lish readers  to  Linnicus.  Sir  J,  Hill,  (the  king's 
gardener  at  Kew,)  in  his  Fhi'd  Britamika,  pub- 
lished in  17C0,  had  employed  the  classes  and  gene- 
ric characters,  but  col  the  nomenclature ;  but  the 
tatter  was  adoptc<l  by  Hudson,  i[t  1 762,  in  the  Fiont- 

Two  young  Swedes,  pupils  of  LniP'^'us,  Brvander 
and  Solander,  settled  in  England,  and  were  in  inti- 
mate intercourse  with  the  most  active  naturalists, 
especially  with  Sir  Joseph  llanLw,  gf  wJinm  the  for- 
mer was  librarian,  and  the  latter  a  fellow-traveller 
in  Cook's  celebrated  voyage-  James  Edward  Smith 
was  also  one  of  the  most  zealous  disciples  of  tho 
Linmean  school;  and,  after  the  death  of  Liniifpii*;. 
purchased  his  Herbariums  and  Collections.  It  is 
related'^,  as  a  curious  proof  of  the  high  estimatioii 
in  whieh  Liniia.^us  wa^i  held,  that  when  the  Swedish 
g-ovcrmnent  heard  of  this  bai^ain,  they  tried,  thou^^h 

"  Tmpp'rt  TrfiHti-  of  Stan-er'x  Life  iif  LiHiufnn.  \i  314 
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too  lata*  to  prevent  these  momimeFits  of  their  coun- 
tryman's labour  and  glory  being  carried  from  his 
niiCivo  land,  and  even  went  so  far  as  to  seiul  a 
frigate  in  pursuit  of  the  ship  which  oonvevod  them 
to  Ktiglaad,  Smith  had,  however,  the  triumph  of 
bringing  them  home  in  safet_v.  On  his  death  thev 
were  [jurehasod  by  the  Linnrean  Society.  Such 
relics  servo,  as  will  easiiv  bo  imagined,  not  only  to 
warm  the  reverence  of  hb  admirers,  hut  to  illus- 
trate his  writings :  and  since  they  have  been  in  this 
country,  they  liave  been  the  object  of  the  pilgrimage 
of  many  a  botanist,  from  every  part  of  Europe, 
I  have  purposely  confined  myself  to  the  history 

of  the  Litinx^au  svstem  in  the  cases  in  which  it  is 

■ 

ost  eaKilj  applicable,  omitting  all  consideration  of 
re  obs(»urp  and  disputed  kinds  of  vegetables,  as 
temsi,  mosses,  fungi,  lichens,  sea-weeds,  and  the  like. 
The  nature  and  |.r<i;ires8  of  a  classificatory  science, 
which  it  in  our  main  purpfjsc  to  bring  into  view, 
.will  best  Ih'  understood  by  attending,  iji  the  hrrt 
place,  to  the  eases  in  which  such  a  science  lias  been 
pursued  with  the  most  decidoil  success;    aiut  the 

t advances  which  have  been  made  iu  the  knowledge 
oi  the  more  obscure  vegetables,  arc.  in  fact,  ad- 
vances in  artiHcial  classification,  only  in  as  far  as 
they  are  advauees  in  natural  classih cation,  and  In 
physiolog)", 

'o  these  subjects  we  now  proceed. 
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CHAPTER   V. 

PHOGItKSS    TOWAItOS    A    NATURAL    SvSTEM    (fF 

Botany. 

WE  Iiavc  already  said,  that  thL*  fonnntion  of  a 
natural  system  of  classification  must  result 
from  a  comparison  of  till  the  resemblaDces  anJ 
differeucoh  of  thii  things  dasseil ;  but  thatn  in  acting 
upon  this  ma_\ini,  the  naturalist  is  iict;(^!>iirilj  either 
guided  hy  an  obscure  aud  iusticctlve  feeling,  whicli 
is,  in  &ct,  an  undeveloped  recognLtiou  of  physiolo- 
gical relations,  or  else  aeknowledp;es  physiology  for 
bis  guide,  thoujrh  he  is  obliged  tu  assume  ^iltrary 
rules  in  order  to  interpret  its  indications.  Thus  itil 
natural  cliissiH cation  of  organized  beings,  either 
begins  or  soim  ends  tn  physiology;  and  can  never 
advauci;  far  without  the  aid  nf  that  science.  Still, 
the  prc^oss  of  the  natural  method  in  botany  wont 
to  such  a  length  before  it  was  grounded  entirely  on 
the  anatomy  of  plajit.s.  that  it  will  he  proper,  and  I 
hope  instructive,  to  attempt  a  sketirh  oF  il  ln^ri'. 

As  1  have  already  had  occasion  to  remark,  the 
earlier  systenis  of  plants  were  natural:  and  they 
only  ceased  to  be  so,  when  it  appeared  that  the 
problem  of  constructing  a  :tjfstem  admitted  of  a 
very  useful  solution,  while  the  problem  of  devising 
a  Jhitura!  nj/stt^^ftt  remained  insoluble.  But  many 
botanists  did  not  so  easily  roucunce  the  highest 
oljoct  of  thoir  SL'ieiiCG.     In  France,  especially,  a 
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iirression  Dfcxtnutnliriar^  men  )a.boiir(Hl  at  it  with 
00  inconsMerable  success:  and  they  were  seconded 
b^V  worthy  fellow- labourers  in  Germanv  and  else- 
where. 

■  The  precept  of  taking  into  JitTOimt  all  the  parts 
of  plants  Jurrrordiiig  to  their  importaoce,  may  he 
applied  according  to  arbitrary  rules.  We  may,  for 
instance,  assume  tliat  the  fruit  is  the  most  impor- 
tant part;  or  we  may  make  a  long  list  of  parts,  and 
look  for  agreement  in  tbe  greatest  possible  number 
of  those,  in  order  to  construct  our  natural  orders, 

»Tho  lormcr  course  was  followed  by  Grertncr' ;  the 
latter  by  Adanson.  (jiertner's  principles,  deduced 
,  from  the  dissection  of  morf  than  a  thousand  kinds 
Bcf  fruits',  exerciKod,  in  the  sequel,  a  great  and 
pemiancnt  iiiHucuce  on  tho  fonuatlim  of  natural 
elasses,     Adanson's  attempt,   Iwild    and    Jngonioua, 

t belonged,  both  in  time  and  character,  to  a  somc- 
wbat  earlier  stage  of  the  jnubject*,    Entbusiastic  and 
laborious  beyond  belief,  but  self-confident  and  con- 
temptuous of  the  labours  of  otherii,  Michel  Adati^on 
had  collected  during  five  years  spent  in  »Senegal,  an 
fQormous  mass  of  knowledge  and  materials;  and 
formed   jilans  for  tbo  systems   which   he   con- 
leived  himself  thus  cmp<"wered  to  rcEu*b,  far  beyond 
the  strength  and  the  lot  of  man'.     In  his  FuiviHea 
\iif  PhtiUi*,  however,  all  agree  that  his  labours  were 

'   De  Fruclffiu^rt  SetHimltHf  PiaviGram,  Stntty.  l7Jffi— ITIM, 
'  FujuHUm  <Uj<  Ptiw/t^,  1703.  '  C'liTiprV  Eiairr, 
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of  real  value  to  the  science.  The  method  which  he 
followed  LB  thus  describetl  bv  his  elo^jucut  and  phi- 
losophicil  oulogiBt\ 

Considering  each  organ  hy  itself  ha  formed,  bj 
pursuing  its  various  modilicatjons,  a  svstcm  of  divi- 
^on,  in  which  he  arranged  all  known  species  ac- 
cording to  that  organ  alone.  Doing  the  same  fur 
another  organ,  and  another,  and  so  for  man.v.  ho 
constructed  a  collection  of  svstems  of  arrangement 
eacli  artificial, — each  Joundtd  upon  one  assumed 
organ.  The  species  whicb  come  togetlter  in  all 
these  systems  are,  of  alK  naturally  the  nearest  to 
each  other;  those  which  are  separated  in  a  few  of 
the  systettis.  but  contigiiou:^  in  the  greatest  number, 
are  natumUv  near  to  each  other,  though  less  near 
than  the  ftimier;  those  wliieh  are  separated  in  a 
greater  number,  are  further  removed  from  each 
other  in  nature:  and  they  are  the  more  removed, 
the  fewer  arc  the  systems  in  which  they  are  asso- 
ciated. 

Thus,  by  this  method*  we  fditain  the  means  of 
estimating  precisely  the  degree  of  natural  affinity 
of  all  the  siiecies  which  our  systems  include,  inde- 
pendent of  a  pbysioloj^cal  knowledge  of  the  inHn^ 
ence  of  the  organs.  Hut  the  method  has,  Cuvier 
adds,  the  inconvenience  of  pi-esupptising  another 
kind  of  knowledge,  which*  though  it  belongs  only 
to  descriptive  natural  hi&tory.  Is  no  Icks  difficult  to 
obtain: — the  knowledge,  namely,  cif  all  sjiecies.  and 

'  Cu*,  Efp^ejr.  tfmu  i.  p-  afl9. 


PROGRESS  TOWARDS  A  NATURAL  SYSTEM,    369 


of  all  the  organs  of  each,  A  single  one  neglected, 
may  lead  to  relations  the  most  false;  and  Adaason 
himseli  in  spite  of  the  immense  number  of  his 
observations,  exemplifioB  this  in  some  instancrs. 
^  We  may  add,  that  in  th<?  division  of  the  struc- 
ture into  organs,  and  in  the  estimation  of  the  gra- 
dations of  these  in  each  artificial  svstem.  there  ia 
still  room  for  arbitrary  assumption. 

fcTrl  the  mean  tlnK\  the  two  Jnssious  had  pre- 
nted  to  the  world  a  "Natural  Method,"  which 
oduced  a  stronger  impression  than  the  "Universal 
iaethod"  of  Adanson.     The  first  author  of  the  sys^ 
HIem  wa^  Bernard  de  Jussieu,  who  applied  it  in  the 
^^rrang;ement  of  the  garden  of  the  THanon,  in  1 759, 

I  though  he  never  published  upon  it.     His  nephew, 
jAntoine  Laurent  de  Jussieu,  in  his  TreMise  r/  the 
Arramj&mefiU  of  the  Trimmn\  gave  an  account  of 
|}ie  print-iples  and  orders  of  his  uncle,  which  he 
adopted  when  he  succeeded  him^  and,  at  a  later 
Triod,  published  his  (rrttnTd  Ptantanim  secundnm 
fiiines  Nafu/ydtff  di^pos^iUi;  a  work,  Raj's  Cuvior, 
nch  perhaps  forms  as  important  an  epoch  in  the 
,     acJCDCes  of  observation,  as  the  Chimu  of  Lavoisier 
^Hoes  in  the  sciences  of  experiment.     The  object  of 
the  Jussleug  was  to  obt^n  a  s}'stem  wiiich  should 
be  govented  hy  th<;  natural  athuities  of  (he  plants, 
^vhile,  at  the  same  time,  the  characters  by  which 
te  orders  were  ostensibly  determined,  should  be  as 
lear,  simple,  and  precise,  as  those  of  the  best  arti- 
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ficial  system.  The  main  points  in  these  characters 
were  the  number  of  the  cotjledona,  and  the  struc- 
ture of  the  seef!;  and  stihordinatc  to  tliis,  the  luser- 
tioii  of  thu  stjimiiia,  whicli  thcj  distinguislied  as 
ephjpnous^  pt'ri(fy7ioiis^  and  hffpogpnous,  according 
as  they  were  inserted  over,  about,  or  under,  the 
gemien.  AjicI  the  classes  which  were  formed  by  tho 
Jusaicus,  though  they  have  since  been  modified  by 
succeeding  writers,  have  been  so  far  retained  by  the 
most  profound  hutanLsts.  unhvith.staindiiig  all  the 
new  care  and  new  liirbt  whieh  have  hi^en  bestowed 
upon  the  subject,  as  to  show  that  what  was  done  at 
first,  was  a  real  and  important  step  in  the  solution 
of  the  proMnni. 

The  merit  of  the  formatioti  of  this  natural 
method  of  plants  must  be  divided  between  the  two 
Jussieus.  It  bas  been  common  to  speak  of  the 
nephew,  Antoine  Laurent,  as  only  the  publisher  of 
his  uncle's  work'.  But  this  appears,  from  a  recent 
statement",  to  be  highly  unjust,  Bernard  left  no- 
thing in  writing  but  the  catalogues  of  the  garden  of 
the  Trianon,  whieh  lie  had  arranged  according  to 
bis  own  views;  but  these  catalogues  consist  merely 
of  a  series  of  names  without  e?jplanation  or  reason 
added.  The  nephew,  in  1773,  undertook  and  exe- 
cutod  for  himself  the  examination   of  a    nutural 


'  PfodrvoiHS  Fhra  PeniHt.  Init.  Orient.  Wight  njid  Walkcr- 
Amntt,  IntTod.  p,  *nrv- 

■  By  Adricn  dc  JnsMfu,  wn  of  Antotfte  lAUrent,  b  the 
Annttiea  da  Sc,  Nat,  Nov.  16^. 
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family,  the  liatnt^tdarem ;  and  he  was  wont  to  re- 
late (as  his  son  inlbrms  us)  that  it  was  this  emploj'- 
mont  which  first  oponpd  his  oj'os  and  roiulRri^l  him 
|tt  botanist.     In  the  memoir  which  he  wrote,  he 
explained  liilly  the  relative  importance  of  the  cha- 
^bflcters  of  plants,  and  the  subordination  of  some  to 
BDibers; — an  essential  consideration,  which   Adan- 
"«onfi  scheme  liad  failed  to  take  account  of.     The 
uni^le  died  irk  1777;  and  hi.^  nephew^  in  speaking  of 
^pkim,    compares   his  arrangement  to  the  (h^dines 
^maturak^  of  Linnaus;  "Both  these  authors,"  he 
^■ftjs,  '^har^e  satisfied  themselves  with  giving  a  catO' 
^Hogue  of  genera  which  approach  each  other  in  dif- 

I brent  points,  without  explaining  Ihe  niotivefi  whieli 
nduced  them  to  place  one  order  before  another,  or 
o  arrange  a  genus  under  a  certaio  order.     These 
wo  arrangements  may  be  conceived  as  problems 
rhieh  their  authors  have  left  for  botanists  to  solve. 
Liniueus  published  his;  that  of  M.  de  Jussieu  is 
only  knowu  lij  the  manuscript  catalogues  of  the 
^ffarden  of  tlie  Trianon.'* 

B  I^  ^^  "^^  t^l^  ^^^  younger  Jussieu  had  employed 
himself  for  nineleeu  years  upon  botany,  that  he 
published,  in  17^9,  his  Genera  Flantarum  i  and  hy 
LIS  timt*  he  had  so  entirely  formed  hia  iicheme  in 
is  head,  that  he  began  thp  impression  without 
Lving  written  the  book,  and  the  manuscript  was 
lever  more  than  two  pages  in  advance  of  the 
jrinter's  type. 

When  this  work  appeared,  it  was  not  received 
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with  any  enthusiasm;  indeed,  at  that  time,  the 
revolution  of  states  ahnorbed  the  thoughts  of  aM 
Europe,  and  left  men  little  leisure  to  attend  to  the 
revolutions  of  science.  Tlie  author  himself  was 
drawn  into  the  vortex  of  public  affairs,  and  for 
some  years  forgot  his  book.  The  method  made  its 
way  slowly  and  with  difficulty:  it  was  a  long  time 
before  it  was  comprehended  and  adopted  in  Franee, 
although  the  botanists  of  that  country  had,  a  little 
while  before,  been  so  eager  in  pursuit  of  a  natural 
system-  In  England  and  Germany,  which  had  rea- 
dily received  the  Linna>an  method,  its  progress  was 
still  more  tardv. 

There  is  only  one  point,  on  which  it  appears 
necessary  further  to  dwell.  A  main  and  fundamen- 
tal Oistinction  in  idl  natural  systems,  ia  that  of  the 
Moiicjcotyledonous  and  Dycotyledoiious  plants;  that 
is.  plants  which  unfold  themselves  from  an  embryo 
with  two  little  leaves,  or  with  one  leaf  only.  This 
distinction  prttducea  its  effects  in  the  systems  which 
are  regulated  by  numbers;  for  the  ilowers  and  fruit 
of  the  monocotyledons  are  generally  referrible  to 
some  law  in  which  the  number  three  prevails;  a 
type  which  rarely  occurs  in  dicotyledons,  these 
affecting  mnst  commonly  an  arrangement  founded 
on  the  number  ^w.  But  St  appears,  when  we 
attempt  to  rise  towards  a  natural  method,  that  this 
division  according  to  the  cotyledons  is  of  a  higher 
order  than  the  other  divisions  according  to  number; 
and   corresponds  to  a  distinction    in  the  general 
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Structure  and  organization  of  the  pJant.     Tbe  ap- 
^prebension  af  the  duo  rank  of  this  distinction  has 
"aduall^  grown  clearer    Cuvier'  conceives  that  he 
finds  such  a  division  dearly  markc-d  in   Lobcl,  in 

R581.  and  employed  hy  liay  as  the  basis  of  his 
lassificatJon  a  century  later.     Tbis  difference  has 
ad  its  due  |jlacc  assignwl  it  in  more  recent  sys- 
tems of  arrangement ;  but  it  is  only  later  still  that 
ts  fiill  import  has  been  distinctly  brought  into  view. 
■esfoDtaines  discovered'"  that  the  ligneous  ^bre  is 
ivebped  in  an  opposite  manner  in  vegetables  with 
ine  and  with  two  cotyledons; — towards  the  inside 
In  the  former  case,  and  towards  tbe  outside  in  the 
latter; — and  hence  these  two  great  classes  have 
heen  since  termed  ejiihi/ifiiotis  and  nj^/enous. 
^P      Thna  this  divisioa,  acturding  to  the  <;otyledona, 
appears  to  have  the  stamp  of  reality  put  upon  it, 
by  acquiring  a  pliyaological  meaning,     Yet  we  are 
not  Bellowed  to  forgr^t,  even  at  this  elevated  point 
of  general izatiou,  that  7fo  one   character   can    be 
imperative  in  a  natural  method.     Lamarck,  who 
Beniployed  his  great  talents  on  botany,  before  he 
Hdevoted  himself  exclusively  to  other  branches  of 
natural  history^  published  his  views  concerning  me- 
thods, systems'^  and  characters.  His  main  principle 
It  no  single  part  of  a  plant,  however  essential. 


■  Hijit.  Sc.  N.ti.  Li,  197,  *"  Ih.  1.  pp.  19G.  29a 

*'  Sprwigt]  ii  29fl  i  ami.  tliere  quottd,  Fiore  Fran^atK^  t.  i*  3, 
.77B.     M^rn.  Ac.  P.  IJH^.     Jtmrn^  Hut.  NaL  Ul     Foi  U- 
[>  MftJiodc  Analf/tique,  eoc  Dumflril,  Sc.  Nat.  lAiLWO. 
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caD  be  an  absolute  rule  for  dass  ill  caption ;  and  hencf 
he  blames  the  -Ttissiuuinin  iiiothoc]^  iis  giving'  this 
inadmissible  authority'  to  the  cotyledons.  Roscoe'' 
fiirther  urges  that  some  plants,  as  Orchis  m^(K 
and  IJmodot^m  ferecundum.  have  no  visible  coty- 
ledons. Yet  De  Candolle,  who  lalioured  alon^  with 
Lamarck,  in  the  new  editi^m  of  the  Flore  Franyaii^, 
has,  as  we  havt-  already  intimated,  been  led.  by  the 
most  carefcl  application  of  the  wisest  priociples,  to 
a  system  of  natural  orders,  of  whi(<h  Jusslc;a's  lUAy 
be  looked  upon  as  the  basis;  and  we  shall  find  the 
greatest  botanists,  up  to  the  most  recent  period, 
recognijiing,  and  employing  themselves  in  improv- 
ing, J  ussieu's  natural  families;  so  that  in  the  pro- 
gress of  this  part  of  imr  knowledge,  vague  and  jyer- 
pJexing  as  it  is.  we  have  uo  e^iception  to  our  general 
aphorism,  that  no  real  acquisition  in  science  is  ever 
discarded. 

The  reception  of  the  system  of  Jussieu  in  this 
couT»try  was  not  so  ready  and  cordial  as  of  that  of 
Linnieus,  As  we  have  already  noticed,  the  two 
systems  were  looked  upon  as  rivals.  Thus  Rcscoc, 
in  1810'",  endeavoured  to  show  that  Jusaieu's  sys- 
tem waft  not  more  natural  than  the  LLnn;ean,  and 
was  inferior  as  an  artificial  system :  but  he  argues 
his  points  as  if  Jussicu's  characters  were  the  grounib 
of  his  distribution ;  which,  as  we  have  said,  is  to 
mistake  the  construction  of  a  natural  system.     In 

^'  RuHHtf,  Tjwh.  Tr.  vr-1  ji.     Cuscula  qlsn  hm  no  eotyledEina. 
'=  Uun.  Tr.  vol.  ni.  ji.  ft(» 
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tl8W3^  Salislmry"  had  already  assailed  tho  machinery 
jof  the  system,  niaintaining  that  there  ure  nti  cases 
[of  perigynous  stamGns,  as  Jtissieu  assumes;  but 
[this  he  urges  with  great  expressions  of  respect  for 
author  of  thu  methud.  And  the  more  profound 
s  of  Kngiand  saan  showed  that  they  could 
'appreciate  and  extend  the  natural  method.  Robert 
Druwn,  who  had  acconipanied  Captain  Flinders  to 
|Kew  Holland  in  1801,  and  who,  after  exajiiinlng' 
|that  country,  brought  home>  in  1805,  nearly  four 
[thousand  species  of  plaute,  was  the  most  distln- 
guishLHl  example  of  this.  In  his  prelacc  to  the 
^ml'ror/roj/ift,^  Ff/n'tF  i\'or(F  Nof/^nditv,  he  says,  that  he 
^M  fonnd  himself  under  the  necessity  of  employing  the 
^Krulural  method,  as  the  only  way  of  avoiding  serious 
^Herrour,  when  he  had  to  deal  with  so  many  new 
^Hj^Mra  as  occur  in  New  Holland;  and  that  he  has, 
^^werefore,  followed  the  method  of  Jussieu;  the 
greater  part  of  whose   orders  are    truly  imtural^ 

I  "although  their  itrraugcment  in  cljisses,  us  ia,"  ho 
Bays,  *■  conceded  by  their  author,  no  less  candid  than 
learned,  is  often  artificial,  and,  as  appears  to  me, 
rests  on  doubtftd  grounds." 
From  what  ha£)  already  bfjcn  &aid,  the  reader  will, 
I  trust,  see  what  an  extensive  and  exjujt  knowledge 
of  the  vegetable  world,  and  what  comprehensive 
views  of  affinity  must,  be  requisite  in  a  person  who 
has  to  intnlify  the  natural  system  so  as  to  make  it 
sidted  to  receive  and  arrange  a  great  iiunihe 
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plants,  extremely  differeut  from  the  genera  on  which 
the  arrangemeiit  was  first  formed,  as  the  New  Hol- 
land genera  for  the  most  part  were.     He  will  see 
also  how  impossible  it  must  be  to  convey  hj  extract 
or  description  anj  notion  of  the  natUTG  of  these 
modiiications :  it  is  enough  to  say.  that  they  have 
excited   the   applause    of  botanists   wherever  the 
8ciouce  is  studied,  and  that  they  have  induced  M. 
dc  Humboldt  and  his  fellow-labourers,  themselves 
botanists  of  the  first  rank,  to  dedicate  one  of  their 
works  to  him  in  terms  of  the  strongest  admiration"*, 
Mr  Brown  has  also  published  Bp<;uial  di^nuisitions 
on  parts  of  the  Natural  System;  as  on  Jussieu's 
Proeace^e** :  on  the  Asdt^/iunlt'^^  a  natural  family 
of  plants  which  must  be  separated  from  Juiadeu's 
Apoci/nceff''  ^  and  other  similar  labours  (q). 

We  have,  I  think,  been  led,  by  our  survey  of  the 
history  of  Botany,  to  tbis  point  ;^ — that  a  Natural 
Method  directs  us  to  the  study  of  Physiology,  as  the 
only  means  by  winch  we  can  reach  the  object.  This 
conviction,  which  \n  botsiny  comes  at  the  end  of  a 
long  series  of  attempts  at  classification,  offers  itself 
at  OQce  in  the  natural  history  of  aninials,  where  the 
physiological  signification  of  the  resemblances  and 
differences  is  so  much  more  obvious,  I  shall  not, 
therefore,  consider  anv  of  these  branches  of  natural 


'*  Boboito    BrowD,    britiiDiuiLTuiu  gluriie   atquu   iiniuiwnti>, 
toUui  BotaniLiv  ^itntUm  iiiguniD  miiilico  complcctt-oti.  Sec. 
''  Lhn.  Tt.  v,iI,  -i.  IBI)]). 
"   Mem.  r,f  Wtrtiei-'um  N,  H.  .Sac.  vol.  !.  1809. 
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history  in  detail  as  examples  of  mere  classification. 
They  will  come  before  us»  if  at  all  more  properly 
wlii!n  WB  coimidur  the  classifications  which  depend 
on  the  ftinctions  of  organs,  and  on  the  correspond- 
ing modifications  which  they  necessarily  undergo^ 
that  is,  when  we  tmce  the  results  of  physiolog}'. 
But  before  we  proceed  to  sketch  the  history  of  that 
|iiirt  of  our  kiiowledj^'e,  there  are  a  few  points  in  the 
progress  of  zoology,  understood  ns  a  mere  clasai- 
ficatory  science,  which  appear  t«  me  sufficiently 
ioatructive  tu  make  it  worth  our  while  to  dwell 
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Tee  PfiOGRKaa  of  Systematic  Zoology. 

THE  history  of  Systematio  Dotany,  as  we  have 
)jrtwi?uttHl  it,  wiay  be  considered  a^  a  ^uflieieDt 
iy\tf  iif  the  general  orJcr  of  progression  in  the  sci- 
ences of  classiticatioa.  It  has  appeared,  in  the  survey 
which  WK  have  had  to  give,  that  this  science,  no  less 
than  thuse  which  wo  first  considered,  has  been  formed 
by  a  series  of  inductive  processes,  and  hais,  in  it* 
history.  Epochs  at  which,  by  such  processes,  decided 
advances  were  made.  The  tmportaut  step  in  such 
ca^^s  is,  the  selzini;;;  upon  some  artifjcial  mark  ubich 
eonfonns  to  natural  rescmhlan<?es; — some  basis  of 
arran^uient  and  nomenclature  by  means  of  which 
true  propositions  of  considerable  generality  can  be 
enunciated.  The  advance  of  other  elassificatory 
sciences,  as  well  as  botany,  must  consist  of  such 
steps;  and  their  course,  like  that  of  botany,  must 
(if  we  attend  only  to  the  real  additions  made  to 
kuowled)^^)  be  gradual  and  i)rogrossive,  from  the 
earliest  times  to  the  present. 

To  exemplify  this  continued  and  constant  pro- 
gression in  the  wliole  raJige  of  zoology,  would 
require  vast  knowledge  and  great  labour;  and  is; 
perhaps,  the  less  iiecetisarj,  after  we  have  d^^'eU  so 
long  on  the  history  of  botany,  considered  in  the 
same  point  of  vit^w.     But  there  are  a  few  obscrva- 
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'tions  respecting  zooloj^  in  jreneral  winch  we  ar? 
k^d  Ici  make  in  cons(,4|uonce  of  statemeath  ructMitlj^ 
promulgated;  for  these  statements  seem  to  repre- 
sent the  history  of  zcwlogy  as  having  followed  a 

)urse  very  different  from  that  which  we  have  just 
ascribed  to  the  classificatory  sciences  in  geoiiah 
It  is  held  by  some  naturalists,  that  not  only  the 

nTnation  of  a  systematic  claJtsi fixation  in  7-oology 
dates  as  hr  back  as  Aristotle ;  but  that  his  classifi- 

ition  is,  in  many  respects,  suiiertor  to  some  of  the 

most  ailmircd  and  rt^nnt  attempts  of  modem  timea, 

K       If  this  were  realty  the  case,  it  would  show  that 

»t  least  the  Idea  of  a  SvstematJc  Classification  had 

(been  formed  and  developed  long  previous  to  tiie 
period  to  whioh  we  have  aesignod  sueb  a  step;  ami 
it  would  be  ditticult  to  reconcile  such  an  early 
maturity  of  zoology  with  the  conviction,  which  we 
have  had  impressed  upon  us  by  the  other  parts  of 
our  history,  that  not  only  labtujr  Imt  time,  not  only 
me  man  of  genius  but  seTeral,  and  those  succeeding 
*h  other,  are  requisite  to  the  formation  of  any 
msiderabic  science. 

But,  in  reality,  the  statements  to  which  wc  refer, 

^specting  the   scientific    character    of  Aristotle's 

zoological  system,  are  altogether  without  founda- 

Ition;  and  thLs  science  confirms  the  lessons  taught 
us  by  all  the  others.  The  misstatements  respecting 
Aristotle's  doctrines  are  on  this  account  so  import- 
ant, and  are  so  curious  in  themselves,  that  I  must 
dwfill  upon  tliem  a  little. 
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Aristotle's  nfne  Books  On  Anhntrl^  are  a  work 
eDumera,tiQg  the  differences  of  animals  io  almcrst  all 
(!onceivtthle  respect  j^lii  the  organs  mf  sense,  of 
raotinr.  of  nutrition,  the  interior  anatomy,  the  exte- 
rior covering,  the  manner  of  life*  growth,  generation, 
and  many  other  circumstances.  Those  ditTerences 
arc  very  iihilosojihically  estimated.  "The  corre- 
sponding pnrts  of  animals,"  he  says'.  "  hpsides  the 
difterences  of  quality  and  circumstance,  differ  in 
being  more  or  fewer,  greater  or  smaller,  and,  speak* 
ing  generally,  in  eiceess  and  defect.  Thus  some 
animals  have  cnistaceous  coverings,  others  hard 
shells;  some  have  long  beaks,  some  short;  some 
have  many  wings,  some  have  few.  Some  a^am  have 
parts  which  others  ^vant,  as  crests  and  spurs."  He 
then  makes  the  following  important  remark:  "Some 
animals  have  parts  which  correspond  to  those  of 
others,  not  as  being  tbe  same  in  spedes,  nor  by 
excess  and  defect,  but  by  nnahffTf ;  thus  a  elaw  is 
analogous  to  a  thorn,  and  a  nail  to  a  hoot^  and  a 
hand  to  the  nipper  of  a  lobster,  and  a  leather  to  a 
scale ;  for  what  a  feather  Ui  in  a  bird,  thai  h  a  scalu 
in  a  fiah." 

It  will  not,  however,  be  necessary,  in  order  to 
understand  Aristotle  for  our  present  purpose,  that 
we  should  discuss  his  notion  of  analogy,  lie  pro- 
ceeds to  state  his  object\  which  is.  afi  we  have  said, 
to  describe  the  differences  of  animals  in  their  struc- 
ture and  habita.     lie  then  observes,  that  for  struc- 
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we  may  take  Man  for  our  type',   as   being 
best  known  to  us;  and  the  remainder  of  the  first 
^Bcuk  is  occupied  with  a,  description  of  itmu's  hody, 
^ginning  from  tlie  head,  and  proceeding  to  the 
Ktremitiea. 
in  the  next  Book,  (from  which  are  taken  the 
npal  passages  in  which  his  modem  commenta- 
tors detect  Ids  system,)  he  proceeds  to  compare  fhe 
diflerences  of  parts  in  difterent  animals,  according 
Hk>  the  order  which  he  had  observed  in  man.   In  the 
^brst   chapter  he  speaks  of  the  head  and  neck  of 
animals;  in  the  second,  of  the  parts  analogous  to 
arms  and  hands;  in  the  third,  of  the  hreast  and 
paps,  and  so  on ;  and  thus  he  comes,  in  the  seventh 
chapter,  to  the  legs,  feet,  and  toes;    and  in  the 
eleventh,  to  the  teeth,  and  so  to  other  parts, 
^fe      The  construction  of  a  classification  consists  in 
BUie  selection  of  certain  parts,  as  those  which  shall 
eminently  and  peculiarly  determine  the  place  of 

I  each  species  in  our  arrangement.  It  is  clear,  there- 
fore, that  3uch  an  enumeration  of  differences  as  we 
have  described,  supposing  it  complete,  contains  the 
materialii  of  all  possible  classifications.  But  wo  can 
with  no  more  propriety  say  that  the  author  of  sucli 
Han  enumeration  of  differences  is  the  author  of  any 
^classification  which  can  be  made  by  means  of  them, 
^than  we  can  say  that  a  man  who  writes  down  the 
^f  whole  alphabet  writes  down  the  Kcdution  of  a  given 
riddle  or  the  answer  to  a  particular  question. 
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Yet  it  is  on  no  other  ground  than  this  pnumem- 
tion,  so  far  as  1  can  discover,  that  Aristotle's  '*  Svs- 
tcm"  haa  bt'OEi  so  dncfdcdlj  spoken  of^  and  exhihiti^d 
in  the  must  fornvil  tabular  shaptj.  The  authors  of 
this  Sifntttna  Ari^totdifmn,  havfi  selected,  i  pre- 
sume, the  following  passages  irom  the  work  Or 
AnimalSyd^  they  might  have  selected  anj' other; 
and  by  arran^ng  them  a<^cording  to  a  HuboNlinatinn 
unknown  to  Aristotle  himself,  have  made  for  him  a 
scheme  which  undoubtedly  bears  a  great  resem- 
blance to  the  most  complete  systems  of  modem  times. 

B*M)k  I,  chap.  V. — '*  Some  animals  are  viviparous, 
some  oviparous,  some  vcrmiparous.  The  viviparous 
are  such  as  man,  and  the  horse,  and  all  those  ani- 
mals which  have  hair ;  and  of  aquatic  animals,  the 
whale  kind,  as  the  dolphin  and  cartilaginous  fishes," 

Book  n,  chap.vii. — "  Of  quadrupeds  which  have 
blood  and  are  vivi|jaroU3,  some  are  (as  to  their  ex- 
tremities,) many-cloven,  as  the  hands  and  feet  of 
man.  For  some  are  many-toei  as  the  Hon,  the  dog» 
the  panther;  some  are  htfid,  and  have  hoofs  instead 
of  nails,  as  the  sheep,  the  goat,  the  elephant,  the 
hippopotamus  \  and  some  have  undivided  feet,  as  the 
solid-hoofed  animals,  the  horse  and  ass.  The  swine 
kind  share  both  characters/' 

Chap,  ii. — '*  Animals  have  also  great  differences 
in  the  teeth,  both  when  compared  with  each  other 
and  with  man.  For  all  <iuadrupeds  which  have 
blood  and  are  viviparous,  have  teeth.     And  in  the 

'  Linnusan  JVampc/wfi/,  voIxti,  p- 24. 
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^t  place,  some  are  ambidentaP,  (having  teetti  iu 
j:iws ;)  and  Bonio  arc  not  su»  wanting  the  tri>nt 
'th  in  the  upptT  jaw.     Some  have  noithtT  front 
jth  nor  horns,  as  the  camol ;  some  have  tusks^  as 
the  boaj,  some  have  uot.  Some  have  serrated^  teeth, 
the  lion,  the  panther,  the  dog;  some  have  the 
icth  unvaried',  as  the  horse  and  the  ox;  for  the 
rnimals  which  vary  their  eutting-tecth  have  all  ser- 
Lted  teeth.     No  aoimal  has  both  tusks  and  borns; 
lor  hati  any  antmal  with  serrated  teeth  either  of 
"^oae  weapons.     The  greater  part  have  the  front 

Eeth  cutting,  and  those  within  broad." 
These  passages  undoubtedly  contain  most  of  the 
fferences  on  which  the  asserted  Aristotelian  clas- 
ificatiou  rests;  hut  tho  classification  in  formed  by 
ling  the  characters  drawn  from  the  teeth,  iu  order 
subdivide  those  taken  from  the  feet;  whereas  in 
Lristotle  these  two  sets  of  characters  stand  side  by 
nde,  along  with  dozens  of  others;  any  selection  of 
'hich.  employed  according  to  any  arbitrary  method 
if  subordination,  might  with  equal  justice  be  called 
kHstotle'B  system. 

Why,  for  instance,  in  order  to  form  subdivisions 

if  animals,  should  we  not  go  on  with  Aristotle'fl 

Inuation   of  the  second   of  the   above-quoted 

iges,  instead  of  capriciously  leaping  to  the  third: 

"Of  these  some  have  hornsj  some  haver  uoue   .   .   . 

Some  have  a  fetlock-ioint ',  some  have  none  ...  Of 
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those  which  have  hnmn,  soihr  have  them  eoE 
throughout,  as  the  stag:  others,  for  the  moat  part, 
hoHow  .  .  .  Some  cast  their  horns,  somo  do  not." 
If  it  be  replied,  that  we  could  not,  bv  means  of  such 
characters,  form  a  tenable  zoological  sjEtem;  we 
again  ask  by  wbat  right  we  assume  Aristotle  to 
have  made  or  attempted  a  systematic  arrangement, 
when  what  he  has  n-rittea  taken  in  its  natural 
order,  docs  not  admit  of  being  construed  into  a 
system. 

Again,  what  is  the  object  of  any  classiRcation  7 
This,  at  least,  among  others.  To  eci^ble  the  person 
who  uses  it  to  study  and  describe  more  conveniently 
the  objects  thus  classttieii.  If»  therefore,  Aristotle 
had  fonnod  or  adopted  any  system  of  arrangement. 
we  should  see  it  in  the  order  of  the  subjects  in  hif 
work.  Accordingly,  so  far  as  ha  has  a  mystem,  he 
professes  to  make  this  use  of  it.  At  the  beginning 
of  the  fifth  Book,  where  he  is  proceeding  to  treat 
of  the  different  modes  of  generation  of  animals,  he 
says,  "As  we  formerly  made  a  Divi.^jon  of  animals 
aeeordiug  to  their  kinds,  we  must  now,  in  the  same 
manner,  g^ve  a  general  survey  of  their  Hiatory 
{fktiipiixv).  Except,  indeed,  that  in  the  former  case 
we  made  our  commencement  by  a  description  of 
man,  but  in  the  present  instance  we  must  speak  of 
htm  last,  b<*caase  he  requires  most  study,  Wc  must 
begin  then  with  those  animals  which  have  sheUs: 
we  must  go  on  to  those  which  have  softer  cover- 
ings, as  Crustacea,  soil  animals,  and  insects;  aft«r 
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th(29e,  fislies,  l)olh  vrviparous  and  oviparous;  then 
birds;  then  laud  animals  both  viviparous  and  ovi- 
parous,'* 

It  is  clt^ar  from  this  pnssagi^  tliat  Aristotle  had 
certaiD  wide  and  indefinite  views  of  ela^siti cation, 
which  though  not  very  exact,  are  still  highly  credit- 
able to  hjni ;  but  it  is  equally  cl^^ar  that  he  was 
quite  unconscious  ot'thi'  classification  that  has  been 
ascribed  to  hiui.  If  ho  had  adopted  that  or  any 
other  system,  this  was  precisely  the  place  in  which 
be  must  have  referred  to  and  employed  it. 

The  honour  duo  to  the  stupendous  accumulation 
of  zoological  knowledge  which  Aristotle's  works 
contain,  cannot  be  tarnished  by  our  denying  him 
tlie  credit  of  a  system  which  he  never  dreamt  of, 
and  whichr  from  the  natiu%  of  the  progress  of 
science,  could  not  possibly  be  coKstructed  nt  that 
period.  But,  in  reality,  we  may  exchange  the  niis- 
talien  claims  which  we  have  been  coutestiiig  for  a 
ttettrr,  h<^cause  a  truer  praise,  Aristotle  does  show, 
as  far  a»  could  he  done  at  his  time,  a  pt'reeption  of 
the  need  of  groups,  and  of  names  of  groups,  in  the 
study  of  the  animal  kingdom ;  and  thus  may  justly 
be  held  up  as  the  ^eat  figure  in  the  Prelude  to 
the  Formation  of  Systems  which  took  place  in  more 
advanced  scientific  times. 

This  appears,  in  some  measure,  from  the  passage 
last  quoted.  For  not  only  is  there,  in  that,  a  clear 
recognition  of  the  value  and  object  of  a  method  in 
natural    history;  but   the    general  arrangement  of 
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the  animal  ki^igiloin  th<?r<r  pn>posed  ha^  consider- 
aJilt^  ^icioiitititr  mrrit.  and  is,  for  tb^i  time,  very  phi- 
losophical. But  there  are  passages  in  his  work  in 
which  he  shows  a  wish  to  carry  the  principle  of 
arrangement  more  into  detail.  Thus,  in  the  first 
Book,  before  prcjw^tidiug  to  his  Hurvejr  of  the  dif- 
ferences of  animals"',  ai^er  speaking  of  sueh  classes 
as  Quadrupeds,  Birds,  Fishes.  Cetaceous,  Testaceous, 
Crustaceous  Animals.  MoUueks,  Insects  he  say.*^ 
(chap,  vii.) 

"ATiiraals  cannot  be  divided  into  largt?  ^ncra. 
in  which  one  kind  includes  many  kinds.  For  some 
kinds  are  unii:|ue,  and  have  no  dtfTerence  of  species, 
as  iiU77i.  Some  have  such  kinds,  but  have  uo  namea 
for  th^-m.  Thus  all  ijuadrupcds  which  havtr  not 
wiiLgti,  have  blood.  But  of  these,  some  arc  vivipa- 
rous, some  o\"iparous.  Those  which  are  vivipa- 
rous have  not  all  hair:  tbcse  which  are  oviparous 
have  scales/'  Wo  have  here  a  manifestly  intentional 
subordination  of  characters:  and  a  kind  of  regret 
that  we  liave  not  names  for  the  classes  here  indi- 
cated ;  Kuelv  for  instanei%  m^  viviparous  quadrupt^ds 
having  hair.  Hut  he  follows  the  subject  into  Further 
details  "Of  the  class  of  viviparous  quadnnM?ds." 
he  continues,  "there  are  many  geuera",  but  these 
again  are  without  names,  except  specific  aamcK 
such  as  man,  Hon,  staffs  hors&^  itofj^  and  the  like. 
Yet  there  is  a  genus  of  animals  that  have  names. 
as  the  horse,  the  ass.  the  orttis^  the  pinnti^^  the 
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«tt»,  and   the  atiinial    which  in  Syria   is  oalkd 
huts  (mule);  for  these  arc  called  muks  from 

eir  resemhlamrn  oiil^v  i  niit  hoing  mubs^  for  they 

e<jd  of  their  own  kinti,    Wherefore,"  he  iMs,  that 
because   we  do  not  possess  rocogniKod  genera 

d  ^neric  names  of  this  kind,  "  we  must  take  the 
species  separately,  and  study  the  Dature  of  each." 
These  passages  afford  iis  siillieiont  ground  for 

E placing  Aristotle  at  the  head  of  those  naturalists  Ui 
Whom  the  first  views  of  the  necessity  of  a  zoolo- 
gical ^fitcm  are  due.  It  was,  however,  very  long 
jbefore  any  worthy  successor  ap|H?ared,  for  no  ad- 
ditionH-l  step  was  made  till  modern  times.  When 
natural  history  a^ain  came  to  be  studied  in  nature, 
the  business  of  clossilication.  as  wc  have  seen,  forced 
itfielf  upon  nion's  itttentlon.  and  was  pursued  with 
interest   in  animals,  as  in  plants.     The  Ste|>s  cf  its 

S advance  were  similar  in  the  two  cases; — by  sue- 
pesaive  naturalists,  various  systems  of  artificial  marks 
were  selected  with  a  view  to  precision  and  eoavo- 
nience : — and  thi'sir  artificial  svalenia  assumed  the 
existence  of  certain  natural  groups,  and  of  a  natural 
Hystem  to  wbicb  they  ^adually  tended.  But  there 
Was  this  difference  between  botanv  and  zoology; — 
the  reference  to  physiological  principles,  which,  as 
we  have  remarked,  influenced  the  natural  systems 
of  vegetables  in  a  latent  and  obscure  manner.  Imj- 
tanists  licing  guided  by  its  light,  hut  banlly  aware 
that  they  were  so,  affected  the  study  of  syste- 
fttic  zoology  more  directly  and  evidently.     For 
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men  can  neither  overlook  the  general  phvsioh*gi<'fll 
features  of  animals,  nor  avoid  being  swaved  by 
thi?m  ill  ihm  judgnients  r»f  the  iiffijiilies  of  diflerciit 
spocies.  Thus  the  classifications  of  zoology  tended 
man'  and  mort-  to  a  union  with  ci)in|>arative  anatom/, 
as  the  science  was  mote  and  more  improved".  Bat 
comparative  anatomy  belongs  to  the  subject  of  tho 
next  Book;  and  anything  it  may  be  proper  to  say 
refijieeting  its  inHurnec  upon  /.oologit-a!  ;irrange- 
menta.  will  properly  tSnd  a  place  there. 

It  will  appear,  and  indeed  it  hardly  requires  In 
be  proved,  that  those  steps  in  systematic  zoology 
which  are  due  to  the  light  thrown  upon  the  subject 
by  physiology,  are  the  result  of  a  h>ng  series  of 
labours  by  various  naturalists*  and  have  been,  like 
otliur  advances  in  science,  led  to  and  produced  bj 
the  general]  progress  of  such  kiiowludge.     We  can 
hardly  cx|>ect  that  the  class! ticatory  sciences  can 
undergo  any  n:iaterLal  improvement  which  is  not  of 
this  kind.     Very  reiTeEitlj.  however,  some  authors 
have    attempted  to   introduce  into    these  scietircs 
certain  principles  which  do  not.  at  tirst  sight,  ap' 
pear  as  a  continuation  and  extension  of  the  previous 
researches  of  comparative  anatomists.     1  speak,  id 
particular,  of  tho  doctrines  of  a  Ch^ctifar  Profjres- 
sio7i  in  the  series  ofaffiuity:  of  a  Qttinurp  Dirmon 
of  such  circular  groups;  and  of  a  relation  of  Ana- 
log between  the  members  of  such  groups,  entireljr 
distinct  from  {\\v.  relation  oi  Affinity. 

"  Onviur,  /rff.  {TAwBi    Comp.  toI  i.  p.  I7. 
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Tbe  doctriae  of  Circular  Progression  has  been 
propounded  priucipaUj  by  Mr.  3Iacleay;  although, 
as  he  1ms  shown'",  thuru  iirc  hug^atbiis  of  the 
same  kind  to  be  found  in  other  writers.  So  far  as 
this  view  negatives  the  doctrine  of  a  mere  linear  pro- 
gression in  nature,  whicli  would  place  each  genus 
in  contact  onlv  with  the  prec-eding  and  »iuceeeding 
ones^  and  no  fur  as  it  ref|uire^  us  to  attend  to  more 
varied  and  ramified  resemldances^  there  can  be  no 
doubt  that  it  is  supported  bv  the  result  of  all  the 
atti?Tiipts  to  form  natural  systems.  But  whether 
that  assemblage  of  circles  of  arrangement  which  is 
now  oflered  to  naturalists,  be  the  true  and  onljr 
way  of  eshibiting  the  natural  relations  of  organized 
bodies,  is  a  much  more  ditHcult  i^uestion^  and  one 
whieh  I  shall  not  here  attempt  to  t^xamino;  although 
it  will  be  found,  1  think,  that  those  analt^ies  of 
science  which  we  have  had  to  study,  would  not  fail 
to  throw  some  light  u[^oii  tiueb  an  inquiry,  Tho 
prevalenc-e  of  an  invariable  nunierieal  law  in  the 
divisions  of  natural  groups,  [as  the  number  /ce  is 
asserted  to  prevail  by  Mr,  Macleay,  the  number  ten 
hy  Fries,  and  other  nuniJters  by  other  writers^) 
would  bo  a  curious  fact,  if  established;  but  it  is 
easy  to  see  that  nothing;  short  of  the  most  consum- 
mate knoudedge  of  natural  history,  joined  with 
e^ttreine  Ldearnesa  of  view  and  calmness  of  judg- 
ment«  could  enable  any  one  to  pronounce  on  the 
attempts  whteb  have  been  made  to  establish  such 

"  Linn    Trans,  thI.  xv\.  p^  fX 
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a  principle.  Gut  the  doctrine  of  a  rolatioo  of 
An'iloijtf  ilistiuct  from  Atliiiity.  in  the  manner  whieh 
has  TL^contly  been  tauglit.  seems  to  be  olniouslj'  at 
variance  with  that  gradual  approximation  of  the 
classificatory  to  the  physiological  sciences,  which 
has  appeared  to  us  lo  he  the  general  tendency  of 
real  knowledge^  It  seem^  diHicult  to  unders-tand 
bow  a  reference  to  such  relations  as  those  which 
are  olTered  as  examples  of  auuJogy",  can  be  olher- 
wiec  than  a  retrograde  step  in  science- 

Without,  however^  now  dwelling  upon  these 
points,  1  will  treat  a  little  more  m  detail  of  oue 
of  the  branches  of  Zoology, 

^*  For  exartipEoi  tho  goatsucker  ha»  im  tffitiil^  wiUi  tha 
BWnllow ;  but  it  ha^  nn  atialopj  willi  tbu  ImE,,  l>ru]tiiHP  Inith  At 
at  thiB  aamt!  Iioiir  nf  the  [Inv,  :ii]i1  livA  in  thr.-  Himi?  m^Ltuuv- 
S^iUiiMn,  fiEographif  aati  Ciajtificatiim  of  AhuahU,  p.  139. 
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CHAPTER  Vll, 

Toe  PitRfiiiESH  OF  Ichthyology. 

IF  it  had  been  already  observed  and  admitted 
that  sciences  of  the  ^me  kind  follow,  aod  must 
(oHow,  the  same  course  m  the  order  of  their  dcve- 
lopement.  it  would  be  unnecessary'  to  give  a  histoiy 
of  any  special  branch  of  Systematic  Zoology;  since 
Imtaiiy  lias  a1rna<ly  aflbrded  ue  a  t^utHeient  example 
of  the  progrcPK  of  the  cla^ifieatory  sciences.  But 
we  may  be  e^^cused  for  introducing:  ^  sketch  of  the 
advance  of  one  department  of  zoology,  since  we  are 
led  to  the  attempt  by  the  peculiar  advantage  we 
po&'iess  in  having  a  complete  history  of  the  subject 
written  with  great  care,  and  brought  up  to  the 
preserit  time,  by  a  natiJralist  of  unequalled  talents 
nnd  knowledge.  1  speak  of  Cuviers  Historical 
View  of  Ii'Mhrft}f4)ijiK  whicJi  forms  the  first  chapter 
of  his  great  work  on  that  part  of  natural  history, 
The  place  and  office  in  the  progress  of  this  science, 
which  Is  assigned  to  each  person  by  Cuvior,  will 
proftahly  not  be  lightly  contested.  It  will,  there- 
fore, be  no  small  confirmation  of  the  justice  of  the 
views  on  which  the  distribution  of  the  events  in  the 
history  of  hotaiiy  was  foundt^d,  if  Cuvinrs  rrpro- 
sentation  of  thr  history  of  ichthyology  offers  to  us 
obviously  a  distribution  almost  identical. 

Wo  shall  find  that  this  is  so  ;^that  we  have,  in 
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zoologj  a«  in  bolau}',  u  period  of  unsystematic 
liiiowlc'ilgr ;  a  period  of  niimpplk^d  erudition;  mi 
epoch  of  the  discovery  of  fixed  characters;  b.  period 
in  which  many  systems  were  put  forwards;  a  strug- 
gle of  an  artificial  and  a  natural  method;  and  a 
gradual  tendency  of  the  natural  method  to  a  tiului- 
festly  physiological  character.  A  few  references  to 
Cuvier's  history  will  enable  us  to  illustrate  these 
and  other  analogies. 

Period  of  Urtif^nk'Tiiatic  Knmdedtje.— It  would 
be  easy  to  collect  a  number  of  the  fahulous  stories 
uf  early  times,  which  formed  a  portion  of  the  ima- 
ffinary  htmcMyi'.  of  men  conceriuug  ajiimals  as 
well  as  plants-  But  passing  over  thi^fie,  avo  come 
to  a  lon^  period  and  u  great  ct»Uectiou  of  writers^ 
who,  in  various  ways,  and  with  various  degrees  of 
merit,  contributed  to  augment  the  knowledge  which 
existed  concerning  fii^  while  as  yet  there  was 
hardly  ever  any  attempt  at  a  classification  of  that 
province  of  the  animal  kingdom.  Among  these 
waiters,  Aristotle  is  by  far  the  most  important. 
Indeed  he  carried  on  his  zoological  researches  under 
advantages  which  rarely  fall  to  the  lot  of  the  natu- 
ralist; if  it  be  true,  as  Athenwus  and  Pliny  stated 
that  Alexander  gave  him  sums  which  amounted  to 
nine  hundred  talents  to  enable  him  to  collect  ma- 
terials for  his  history  of  animals,  and  put  at  his 
disposal  several  thousands  of  men  to  be  employed 
in  hunting,  fishing,  and  procuring  iuforniatjon  for 

■  Cuv.  llisL  Nat.  r/ej  Poiuojti,  I  13. 
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The  works  of  his  on  Natural  History  wbich 
*maiu  to  us  are,  niue  Books  Oft/if  liisttirif  of 
tiitnuU,  four,  (hi   the  PiiNs  of  Aniitudgy  tivo,  On 
\t*  Gfneratimi  f>f  AtihittiU,  one,  (hi  tJw  Goimj  of 
liivnth.  one,  Of  the  Sensatior/s,  and  the  Organs 
f/t'ur.one.  Oh  Slfteplnff  and  Waking,oiie,  Onths 
Motion  if  Aiiinuds^  one,  Ov-  the  Lm}<jih  and  Short- 
?^s  of  Ufo^  <jiu%  Oil  Youtk  and  Old  Agi\  one,  On 
.ifeajid  Dvath^  one.  On  Respiration.     The  know- 
ledge of  the  external  and  internal  eonforniation  of 
diiiuials,   their   habits,    in^thiets,    and    uses,   which 
Aristotl*^  (lisplavs  in  tliese  works,  is  spoken  of  as 
iinethinjr  wondcrfiU  even  to  the  naturalists  of  our 
iwn  lime.     AnJ   he  may  be  taken  as  a  snflicient 
*preBcntativG  of  the-  whole  of  the  period  of  wliieh 
'e  speak;  for  he  is,  saysCuvier*,  not  only  the  first, 
kut  llie  only  one  of  the  ancients  who  has  treated 
the  natural  history  of  fishus    (the  province  to 
'which    we  now   eonfinr  ourstdvea,)   in  a  scieutifie 
iint  of  view,  and  in  a  way  which  shows  genius. 
We  may  pass  over,  therefore>  the  other  ancient 
^authors   from   whosf-  writings  Cuvifr.   ^vith   great 
^warning  and  t^agacity,  has  levied  contributions  to 
^Hie  history  of  ichthyology;  as  Thcophrostua,  Ovid, 
Fliny,  Oppian,  Athenseus,  jElian,  Ausonius,  Galen, 
"We  may,  too,  leave  unnoticed  the  compilers  of  the 
middle  ages,  who  did  little  but  abstract  and  dis- 
Bgurc  the  portions  of  natural  history  which  they 
found  in  the  ancients.      Ichthyologioal,  like  other 
^  Cuv.  p,  18 
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knowled^  vas  scar(?clj'  sought  eitcefit  in  boohs. 

and  on  that  verv  account  was  not  understood  when 

- 

it  wafc  fi>uiiU. 

Peruid  of  E-ntdithm-. — Better  times  at  leiigUi 
came,  and  men  lie^an  to  observe  nature  lor  them- 
selves. The  three  gjeat  autliors  who  are  held  to  W 
the  founders  of  modem  ichthvolo^^,  appeared  in 
the  middle  of  the  sixteenth  ecntury ;  these  were 
B^lon,  Itondelet,  and  Sainani.  wlio  all  published 
about  15fi5.  All  the  three,  verj  different  from  the 
compilers  who  filled  the  interval  from  Aristotle  to 
them,  themselves  saw  and  examined  the  fishes  which 
thej  describe,  and  have  ^iven  faitUfuJ  representa- 
tions of  them.  But  resembling  in  that  respect  the 
founders  of  modem  l»otanj,  Brassavolii,  Ruellius. 
Tragus,  and  others,  thej  rescnibleil  them  in  this 
also,  that  they  attempted  to  make  their  own  obfier- 
vations  a  eommentarr  upon  the  ancifint  writers. 
Faithful  to  the  spirit  of  their  time,  they  arc  ikr 
more  eareftil  to  make  out  the  names  which  eacli 
tish  bore  in  the  ancient  world,  and  to  brinp;  to^^e- 
thcr  scraps  of  their  hiKtory  from  the  authors  in 
whom  those  names  occur,  than  to  describe  them  in 
a  lucid  manner;  so  that  without  their  figures,  says 
Cuvier,  it  would  be  almost  as  difficult  to  discovti^r 
their  specieB  as  those  of  the  ancients. 

The  difiiculty  of  describing  and  naming  speciefi  so 
t)iat  they  can  be  recognized,  is  little  appreciated  at 
tirfit,  although  it  is  in  reality  the  main-sj)riik|r  of  the 
progress  of  the  sciences  of  classification.      Aristotle 
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levor  tlTcamt  that  the  nomenclature  which  was  in 
u^  ill  his  time  could  ever  becomt'  obscure' ;  henct 

I  he  has  taktn  nu  [irv^ufiution  to  enable  hiK  ruaders  to 
pcc*>|riii/.e  the  species  of  which  he  s^ieaks;  and  in 
him  and  in  other  ancient  authors,  it  requires  much 
hbour  and  ^eat  felicity  of  divination  to  determine 
What  the  names  mean.  Tlie  perce|Ftion  of  this  diffi- 
culty among  modem  naturalists  led  to  systeTus.  atid 
to  nomenclature  founded  upon  system;  but  these 
did  not  come  into  being  immediately  at  the  time  of 
which  we  speak;  nor  till  the  evil  hod  gniwn  to  a 

tore  ineoiivenieot  magnitude. 
Period  of  Ai^cumulathn  of  Materials.  E-^cttc 
GBertions. — The  fishes  of  Europe  were  for  Bome 
tipie  the  priucipal  objects  of  study;  but  those  of 
^distant  regions  soon  came  into  noticed  In  the 
^■cventeeuth  century  the  Dutch  conquered  Brazil, 
^Knd  George  Margrave,  t-mployed  by  them*  described 
^T.be  natural  productions  of  the  country,  and  espo- 
I  cinlly  the  fishes.  Bontius,  in  like  manner,  dc^ribed 
ime  of  those  of  Batavia.  Thus  these  writers  icor^ 
isponJ  to  RumpbiuH  and  Kho^nlo  in  the  history  of 
itany.  Many  others  might  be  mentioned;  but  we 
lust  hasten  to  the  formation  of  systems,  wliicli  is 
iir  main  object  of  attention. 

Rfto*-h  {>/thf  F'Uatio?!  of  Characters,    Rny  and 
'Ulou{th-hif.^\\\  l)otany,  as  we  have  seen,  though 
was  one   of  the  first   who   invented   a   coll- 
ected system,  he  was  preceded  at  a  considerable 
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interval  hy  fesalpiaus,  who  had  g^ven  a  g-enuin* 
Bolutiun  ofthu  sanu?  proHt^m.  It  is  nut  difficult  t© 
assign  rL'iLSJii^  why  n  souiiil  chL^^iRcntioa  should  be 
dist'overcd  for  pl;mta  at  an  earlit-r  period  than  for 
fishes.  The  vastly  greater  number  ol'  the  known 
fipecies,  and  the  taoilities  which  belong  to  the  study 
of  v*?gettibk%  pive  the  li(»t-"uiist  a  great  advantage; 
and  there  are  nnmcrieal  relations  of  a  most  definite 
kind,  (for  instance,  the  number  of  parts  of  the  seed- 
VDSscl  enipU»}"od  Gi^ytlpinus  as  one  of  the  bases  of 
his  syst^^iu,)  which  are  tolerably  obvious  m  |i)ant^ 
but  which  are  not  easily  discovered  in  auiranls.  And 
thus  we  find  that  in  ichthyology^  Ray.  with  his  pupil 
aDd  friend  Willoughby,  appears  as  the  first  founder 
ofa  tenable  systeIn^  , 

The  *irst  great  division  in  this  system  is  iTJto 
caviUiJtjinoiu^  and  Itwy  fishes;  a  primary  division. 
whit^h  had  lieen  recognized  by  Aristotle,  and  is 
retaine<l  hy  Cuvier  in  his  latest  labours.  The  subdi- 
visions are  determined  by  the  general  form  of  the 
fish,  (as  long  or  ilat,)  by  the  teclht  the  presence  or 
abst^nco  of  ventral  tins,  the  number  of  dorsal  fins^ 
and  the  nature  of  the  spines  of  the  tins,  u^  sol^.  or 
priekly.  Mast  of  these  characters  have  preserved 
their  imponance  in  later  systems;  especially  the 
last,  which,  under  the  terms  nwhcoptarffgian  and 

'  Fnndfici  \V  iLlDughbdi^  AnaigBri,  dc  H'tKiorin  PUdum^ 
Itljri  \^'  jriAKU  fl  9U]n]itibus  Swictulig  Rfl)pu'  I^tiiliiuTiHU  i^iiEi^ 
he  Tatum  opna  rpco^rrmvit,  ^^ncLptavit,  .silppli'^it,  lihnim  Hiun 
primuiii  flt  siKundiiin  acljecit  Job-  Tlaiirn-     Oxfnnl,  I68ti. 
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mthnpUnfijiiiii.  liolds  a  jil^Kv  in  the  hfst  recent 

range  nients. 

That  this  svst^tn  was  a  true  tirst  approximation 

a  flolulimi  of  the  probleuu  appears  to  her  allowed 

b^  (laturalists.    Although,  sajs  CQvtcr*,  thero  are  in 

no  genera  well  defined  and  well  limited,  atill  in 

any  places  the  species  are  brought  together  very 

turalh,  and  'i\i  such  a  way  that  a  few  words  of 

planation  would  suffice  to  form,  from  the  groups 

thus  presented  to  us,  several  of  the  genera  which 

have  since  been  received.     Even  in  botany,  as  we 

have  seeiL,  geiieni  were  hardly  maintained  with  any 

cl(>gree  of  precision,    till  the  binary  nomenclature 

of  l.inna'us  made  this  division  a  matter  of  such 

mense  convenience. 

The  amount  of  this  convenience,  the  value  of  a 
brief  and  sure  nomenclature,  had  riot  yet  been  duly 
DStimated,  The  work  of  Wdloiighby  forms  an  epoch', 
and  a  happy  epoch,  in  the  history  of  ichthyology; 
I  fur  the  science,  ooce  systematizid.  could  distinguish 
^^he  new  from  the  old,  arrange  mothiH]ie;dly,  de5cnl>o 
^Hearly.  Yet,  because  WiDoughby  had  nn  nomencla- 
^Hure  of  his  own,  and  no  Bxcd  names  for  his  genera, 
^Kis  immediate  influence  was  not  great.  1  will  inrt 
Fiitlcmpt  to  trace  this  influence  in  succeeding  authors, 
'  but  proceed  to  the  next  important  step  in  the 
rogress  of  system. 

/mji^'arc/iii'Hi   of  the  SttFttmt.     Artertr. — Peter 
Artcdi  wa^  a  comitr^man  and  intimate  friend  of 
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LEinnDPiis:  and  rendered  to  ichtliyolo^  nearly  Ihr 
same  services  which  LinnK'Us  rendered  to  bolftny. 
Ill  liiti  Ffnloaophia  Ichlhyftft^fura^  he  uialvzed*  all 
the  interior  and  exterior  jiarts  of  animals;  he  created 
a  precise  termin<iJogj  fiir  the  different  iomis  of 
which  these  parts  are  susceptible;  he  laid  down 
rules  for  the  nomenclature  of  genera  and  species: 
besides  his  improvements  of  the  subdivision  of  the 
class,  it  is  impossible  not  to  be  struck  with  the  clnsp 
resemblance  between  these  steps,  and  those  which 
are  due  to  the  Ftmditviciitft  iioUinlca^  Tlie  latter 
work  appeart'd  in  I73*i,  the  former  was  puhlished 
by  LinHi-eus.  after  the  death  of  the  author,  in  1738; 
but  Linnfeus  had  already,  as  early  as  1736,  made 
use  of  ArtediV  manuscripts  in  the  ichlhyologieal 
l-wut  of  liis  Sp^Umm  Nature,  We  cannot  ilcjubl 
that  the  two  young  naturalists,  (they  were  nearly 
of  the  same  age,)  must  have  had  a  great  inrtuenc© 
upon  each  others  liews  and  labours;  and  it  would 
ho  difficult  now  to  ascertain  what  portion  of  the 
jk'j^uliar  merits  of  thr  Lintia'an  reform  was  derived 
trom  Artedi.  But  wo  may  remark  that,  in  ichlhy- 
olop[y  at  least,  Artedi  appears  to  have  hern  a 
naturalist  of  more  original  views  and  ]>rofnunder 
philosophy  than  hia  friend  and  editor,  who  after- 
wards himself  took  up  the  subject.  The  reforms 
of  Linnaeus,  in  all  jjarts  of  natural  history,  appt^ar 
as  if  they  were  mainly  dictated  hy  a  love  of  eli-gaiice. 
symmetry,  clearness  and  detiniteness;  but  the  iju- 

'  Cuvipr,  |i.  20, 
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pmvpmnnt  of  tiic  ichthyo logical  system  by  Artedi 
seems  to  have  been  a  step  in  the  process  to  a 
natural  arraii)>ement.    His  gRncra''*  which  are  forty- 
five  in  number,  are  so  wrll  coiistitiit«i  that  they 
[    have  almost  all  been  prrserved ;  and  the  siibJivi- 
^feons  which   the   constantly-increasing   number  of 
^species  has  compelled  his  successors  to  introduce, 
liave  very  rarely  been  such  tliat  they  have  led  to 
e  transposition  of  his  ppnera. 

In  its  bases,  however,  Artedi's  was  an  artificial 
stem.  His  characters  were  positive  and  decisive, 
unded  in  gpneraL  upon  the  number  of  rays  of  the 
tnenihrane  of  the  gills,  of  which  he  was  the  first  to 
in»rk  the  importance; — upon  the  relative  position 
the  fins,  upon  their  number,  upon  the  part  of 
V  mouth  whrre  the  ti'eth  a^'  found,  u|rtm  the 
nformritSon  ef  the  scales.  Vet,  in  some  cases,  he 
recourse  to  the  interior  anatomy. 
Linnseus  himself  at  first  did  not  venture  to  de- 
alt' from  the  fontst<[»s  <"f  a  friend,  who,  in  this 
jence.  had  been  his  master.  But  in  175K  iti  the 
j  tenth  edilion  of  the  Sj/stt'tna  Ntiturte,  lie  chose  to 
Ldi-peud  u|H3U  hiinselt  and  devised  a  new  ichlhy- 
^■If^Lcal  method.  He  divided  some  genera,  united 
^ftthers,  gave  to  the  species  trivial  names  and  cha- 
racteristic plirases.  and  added  many  species  to  those 
of  Artedi.  Vet  his  innovations  are  for  the  most 
rt  disapproved  of  by  Cuvkt:  as  his  transferring 
e  rhonilropt4^yfjian  fishes  of  Artedi  to  the  class  of 
*  Cuvier,  p.  71 
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reptiles,  under  the  title  of  Amphilda  nantes; 
his  rejeeting  tlie  ilistinetion  of  acanthnplprjgian  and 
malac<n)terygian,  whlfh,  as  wo  have  socii,  had  |ire- 
vailed  from  the  timu  of  Willonghb^y.  and  introduc- 
ing in  its  stead  a  distrihutioTi  founded  on  the 
presence  or  absence  of  the  ventral  tins,  and  on 
tbGir  situation  with  regard  tu  the  peetorat  litis. 
'*  Notliing,"  s!Lvs  Cuvier.  "  more  breaks  the  true  ci>n- 
ncxions  of  g;enera  than  these  orders  of  apodef^ 
jugulart's,  thonu^iri,  and  aMomhtaks." 

Thus  Liiinreus,  though  acknowledging  the  value 
and  imnortiintre  of  natural  orders,  was  not  hnppj-  in 
his. attempts  to  oonstructa  svstem  which  should  JeAd 
to  them.  In  his  detection  of  good  characters  for  an 
artificial  svsLem  he  waa  mon;  fortunate.  He  wuh 
always  atteutUe  to  uuniher.  afi  a  character;  and  he 
had  the  very  ^Teat  merit'''  of  iatroduciog  into  the 
classification  the  numb^  of  rays  of  the  fitis  of  ea<:h 
species.  This  t^\^TV  ih  om*  of  great  im}Mjrtau:'e  and  use. 
And  thia  as  \\\A\  ah  other  l>raiiches  of  n^ituRil  his- 
tory-, derived  incalculable  advantages  from  the  more 
general  merits  of  the  illustrious  Swede  ^'; — the  pre- 
cision of  the  characters^  the  convenience  of  a  well- 
Bettlcd  terra inology,  the  facility  aftbrded  by  the 
binary  nomenclature.  These  recommendations  gave 
him  a  pre-eminence  which  was  acknowledged  by 
abiiost  all  the  naturalists  of  his  time,  and  displayed 
by  the  almost  universal  adoption  of  his  nomen- 
clature, in  zoology,  as  well  as  in  botany;  and  by 

"  CnvH-r,  I.  74.  "  p.  Bfi- 
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the  almost  exclusive  employment  of  his  distrilm- 
^-tlon^  of  classes,  however  imperfect    and  artiticial 
^■Ihev  might  be. 
^P     And  even^  if  Liiiiin'us  had  had  no  uthrr  merit 

than  the  impulse  he  ga.ve  to  the  pursuit  of  natural 

»Bcicnco,  this  aloue  would  stiftice  to  immortalize  his 
pame.    lu  re uderin^  natural  historj  ejisj%  or  at  least 
ID  making  !l  a[j|M^jir  so,  he  diffu^t^d  a  ^^ciKTal  taste 
I  for   it.     The   grcAt   timt    it    up   with   interest;   the 
touDg,  full  of  ardour,  rushed  forwards  in  all  direc- 
laons,   with  the  sole    intention    of  completing  his 
system.     The  civilized   woHd  was  eager  to  huild 
re  cdifiin.'  with  Liiiiui'ui^  hml  planned. 
This  spirit,  among  otiier  results,  produced  voy- 
lages  of  natural  historical  re,search,  sent  forth  by 
^pisitions  and  sovereigns,     Georgo  the  Third  of  En^- 
land  had  the  honour  of  setting  the  example  in  this 
noble    career,   by  sending  out  the   expeditions   of 
BjTon,  Wallis.  and  Carteret,  in  1765.     These  were 
^^bllowed  by  those  of  Bougainville,  Cook,  Forster, 
^■ind  ctthers.     Russia  also  scattered  several  Hcientifie 
^Bxpoditions  through  her  vast  dominions:  and  pupils 
^Lr  LintiKus  sought  the  icy  shores  of  Greenland  and 
Iceland,  In  order  Uj  apply  WiB  [nomenclature  to  the 
)rofluctions  <»f  thoHe  climes,      Rut    we  nted  not 
rttempt  to  convey  aijy  idea  of  the  va^  More^^  of 
itural  historical  treasures  which  were  thus  col- 
gd  from  every  part  of  the  globe. 
I  shall  not  endeavour  to  follow  Cuvier  in  giving 

"  Cnvipr,  p.  WL 
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an  acccMJut  of  tlic  great  works  of  natural  histOTV 

to  whJLih  thi^  accumulation  of  matcriak  gave  rin^: 
■h  aH  the  Tim^'rutit;L![it  work  of  Blocli  on  Fishes. 
lii^h  appeared  in  1783^1785:  uor  need  I  at- 
tempt, by  his  assistaoce.  to  characterize  or  place  in 
their  due  position  the  several  systems  of  elassificii- 
tion  proposed  about  this  time,  Dut  in  the  coursi> 
of  these  various  essays,  the  :listinction  of  the  arti- 
licial  and  natural  methods  of  classification  cauiv: 
more  clearly  into  view  thau  before  ^  and  this  is  n 
point  so  important  to  tht'  philosoj^hy  of  the  subject, 
that  we  rauat  devute  a  few  words  to  it, 

Sej^oratiov  ofth^  A  rtificltti  and  NaUw^l  Methods 
in  IcJuh^oidijif. — It  has  already  been  said  that  all 
so-ealliHl  iiriijiiual  mHhmi/^  of  claK&ifiiratiun  must 
lie  luitiiral,  ut  leasl  fLS  Ui  the  uarri«wt>st  Tnembers  of 
the  system:  thus  the  artificial  Liuna^an  method  is 
uatural  as  to  species,  and  even  as  to  genera.  And 
on  the  other  hanil,  all  proposed  natural  methods. 
80  long  as  they  remain  unmodified,  are  artifiH/iI 
as  to  their  characteristic  marks.  Thus  a  Natural 
Method  is  an  attempt  to  j^ruvide  poj^itivtj  and  dis- 
tinct ehararJ4ffs  for  the  wiJjtr  as  well  as  tor  the 
narrower  ittitnraf  ffroupa.  These  considerations 
are  applicable  to  zoolt^y  as  well  as  to  botany.  But 
the  question,  how  we  know  natural  groups  before 
we  find  marks  for  them,  wais  in  Iwlany,  as  we 
have  ^rsE^n,  susceptible  only  of  va^e  and  obscure 
answers: — the  mind  forms  them,  it  was  said,  by 
taking  the  aggregate  of  all  the  characters;  or  hy 
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(■stabliraliina:  a  subordination  of  eliararters.  And 
f.'aeli  of  these  answers  had  its  Jiliiailly,  iif  which 
tUo  solutioQ  appeared  tct  {n\  thiit  in  atti.'mptiii<;  itt 
form  natural  ordoTs  we  are  rually  guided  bj'  a  latent 
undovelopinl  (.'?Ytimate  of  physiohigicaJ  relations. 
Now  thi?  principle,  which  was  so  dimlv  seen  in  the 
study  of  vegetables,  shiinis  out  with  inucli  greater 
clcdrnos8  when  we  come  tn  the  study  of  animals,  in 
WhJeh  the  physiological  relations  of  the  parts  are 
JIO  Tnaniiest  that  the}'  caunot  be  overlooked,  aud 
have  so  strung;  an  attrat^tion  for  our  curiosity  tliat 
we  cannot  help  having  our  judg;ments  iiiHiienced  by 
them.  Henc*  the  superiority  of  natural  systems 
in  zoology  would  probably  be  far  more  generally 

illiiwrd  than  in  iniUuky;  and  no  arrangement  of 
ninials  whidi,  in  a  large  number  oP  instances,  vio- 
it^  strong  and  clear  natural  affinities,  would  be 
derated  l>ecause  it  answered  the  purpose  of  ena- 
ling  us  easily  to  find  the  name  and  place  of  the 
nimal  in  the  art.itieial  system.  Kvery  systi^m  of 
ological  arrangement  may  he  !^up|KJse<3  |n  a^pin* 
be  a  natural  system.  But  acoording  to  the  various 
hitfi  of  the  minds  of  system  at  i  iters,  this  object  was 
led  more  or  I  esn  steadily  and  successfully;  and 
ese  differences  came  more  and  more  int**  view 
th  the  increa.te  of  knowledge  and  the  raultiplica- 
u  of  atteuipts. 

Bloch,  whose  iehlhyologieaJ  labours  have  h?en 

.entioned,  followed  in  his  great  work  the  method 

Linn3>UK.     But  to^^ardg  the  end  of  his  life  he 
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had  pH'parrd  n  gciioral  BystcTn,  foitndo<I  upon  one 
igle  numerical  principle; — tho  iiuraijpr  of  tins: 
it  as  the  sexual  system  of  Lion^us  is  Ibunded  upon 
ihti  number  of  Gtaiuiua:  and  he  made  his  BubdlvU 
sions  aecordiikg  to  the  position  of  the  ventral  and 
pectoral  tins;  the  same  character  which  LinTin'iJs 
had  employed  for  hU  primary  division,  lie  could 
not  hare  done  bt^tter.  says  Cuvier".  if  hisohject  Lad 
been  to  turn  into  ridit^uie  all  artificial  methods,  and 
to  show  to  what  absurd  combinations  they  niay  lead. 
Cuvier  himself  who  always  pursued  natural 
svBtems  with  a  singularly  wise  and  sagacious  con- 
sistency, attempted  to  improve  the  icbthyological 
arrar^g*'mcnts  which  had  ln>en  propoF;ed  before  him. 
In  his  Rhjji':  Animaf.  published  in  \S\7,  be  at- 
tempts the  problem  of  arranging  this  class;  and  tho 
viows  tiu^estcii  tn  him»  both  by  his  sucrcssos,  and 
his  failures,  are  so  instructive  and  philosopbicaL 
that  1  cannot  illustrate  the  subject  better  than  by 
iifcg  some  of  them. 

The  class  of  fishes,"  he  says",  "  is,  of  all,  that 
which  otters  the  greatest  ditticulties,  when  we  wish 
to  subilivide  it  into  orders,  according  to  fixed  and 
obvious  characters.  After  many  trials,  I  have  de- 
termined ou  the  following  distribution,  which  in 
somt'  instances  is  wanting  in  precision,  but  which 
possesses  ihc  advantage  of  keeping  the  natural 
families  entire. 

"Fish  form  two  distinct  series; — that  of  rho$t- 
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ifafftertfifian^  or  Gartihujirttm^ Jink,  riuJ  that  o^Jiah 
properly  so  eallfil. 

t"The  ^rst  of  these  series  has  for  its  character, 
lat  the  palatine  bones  replace,  in  it,  the  bones  of 
le  upper  jaw  :  moreover  the  wliole  of  its  structure 
Bs  evident  analogies,  which  vi^  shall  explain. 
'^ll  di\'ides  itself  into  three  oudebs: 
•The   CYCLO3T0ME9.   in    which    the    jaws    are 
jldered  [mudi^ns]  \nio  an  hiimovr^blo  ring,  and  the 
^Jjronchiio  are  open  in  numerous  holes, 
B     "The  Selacian'8  which  have  the  bronchia;  like 
the  preceding,  but  not  the  jaws. 

•"The  Stltronians*  in  which  the  broochi^  are 

►pen  as  iifiiial  li_>  a  slit  furnished  with  an  operculum. 

"The  sticoiid  series,  or  that  of  ojyimifrif  Jf^hcs^ 

»ffers  me.  in  the  first  place,  a  primary  division,  into 

lose  of  which  the  maxillary  bone  and  the  pdatino 

^h  are  dovetailed  {efntfrenes)  to  the  skull.      Of 

nese  I  make  an  order  of  Pectognatus,  divided 

ito  twu  families;  the  ^mnodiints  and  the  sdero- 

"After  these  I  have  the  fishes  with  complete 
iws,  but  with  bronchiie  nhich,  instead  of  hating 
le  form  of  combs,  as  in  aU  the  others,  have  the 
jrui  of  a  series  of  little  tufts  {k&uppes).  Of  these  I 
again  form  an  order,  which  I  call  LoPHonftAM'Hfl> 
rhich  only  includes  one  faiuily. 

"There  then  remains  an  inamnerable  quantity 
if  fi.'^lu^s*  to  which  we  can  no  longer  apply  any 
rharaetcrs  except  thdso  of  the  exttTior  organs  of 
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motioTi.  After  long  exiimiaatioii,  I  have  found  that 
the  least  had  uf  these  characters  is>  after  ail.  that 
eui[iloyed  hy  Ray  aud  Arteili,  taken  from  the  nature 
of  the  first  ruys  of  the  dorsal  and  of  the  anal  tin. 
Thus  ordinary  fishes  are  divided  into  Malaho- 
PTEKVGiANs,  of  which  all  the  rays  are  soft,  except 

letiines  the  HrHt  of  the  dorsal  6u  or  the  pecto- 
rals;-— and  ArANTnorTKitY{iiA»8,  which  have  always 
the  first  portion  of  the  dorsal  or  of  the  first  dorsal 
when  there  are  two,  supported  by  spinous  rays* 
and  in  whicli  the  aiial  has  also  some  such  raj's, 
and  the  ventrals,  at  least,  each  one. 

"The  former  may  be  subdivided  without  incon- 
venience, according  to  their  ventral  fins,  which  are 
E^jmetiiiie^  situate  behind  the  abdomen,  sometimes 
adherent  to  the  apjiaratus  of  the  :^houlder,  or. 
finally,  arc  sometimes  wanting  altogcthor. 

"We  thus  arrive  at  the  tliree  orders  of  ABrK> 
MiNAL  Malaiopterygian's,  of  StniBRACHiAKR,  and 
of  ApoDt:.s;  each  of  which  includes  Mome  natural 
families  which  we  shall  explain:  the  first,  especially. 
is  very  numerous. 

''Eut  this  U'lsis  of  division  Js  alwolntely  imprac- 
ticable with  the  acanthu|jterygiau& ;  and  the  pro- 
blem of  establisliing  ainon^  these  any  other  subdivi- 
sion than  that  of  the  natural  families  ha.s  hitherto 
remained  for  mc  insoluble.  Fortunately  sevt^ral  of 
thcsL'  rariiilies  otftr  characters  a^lnio^t  as  precise  as 
those  tthirh  we  could  ^ve  to  Inie  ordeiTi- 

'*In  truth,  we  cannot  assign  to  the  families  of 
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'tithes,  ranks  as  markeU*  as  for  example,  to  those  nf 
imammifers.  Thus  thu  chonilroptcrvgians  on  the 
me  hand  hold  to  reptiles  by  the  organs  of  the 
senses,  and  by  those  of  generation  in  some ;  and 
they  are  related  to  moUusks  and  worms  by  the 
iiuperfectioa  of  the  skeleton  in  others. 

■  *'  As  to  ordinary  fishes,  if  luiy  pfirt  of  the  orgajii- 
sotioD  is  found  more  developed  in  some  than  in 
others,  there  does  not  result  from  this  any  pre-emi- 
noQCG  suRiciently  marked,  or  of  sufficient  influeace 
upon  their  whole  system,  to  oblige  U8  to  consult  it 
io  the  meth()dieiil  nrnLngeinent. 

_       '■  We  shall  place  them,  therefore,  nearly  in  the 

^krder  in  which  we  have  just  explained  their  cha- 

^Hacters/' 

^B  1  have  extracted  the  whole  of  this  passage, 
because,  though  it  is  too  technical  to  be  understood 

K]  detail  by  the  general  reader,  those  who  have  fol- 
>wed  ;vith  any  interest  the  history  of  the  attempts 
t  a  natural    class!  dcaticm    in  any  department  in 
I  nature,  will  see  here  a  tine  example  of  the  problema 
thicb  such    attempts   propose,    of  the   difficulties 
LhJch  it  may  present,  and  of  the  reasonings,  la- 
ponrs,  cautions,  and  varied  resources,  by  means  of 
which  its  solution  is  son^rht,  when  a  ;^eat  philoso- 
phical naturalist  girds  himself  to  the  task.     We  see 
ho^c.^  most  instructively,  how  ditlerent  the  endea- 
^w>ur  to  frame  such  a  natural  system,  is  from  the 
^BTocedurc  of  an  artifieifil  systeni.  which  rnrries  im- 
peratively tliron^jh  the  whtde  of  a  class  of  organized 
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beings,  a  system  of  marks  either  aTbitrary,  or  ctya- 
formablu  to  TiaturaL  affinities  in  a  j>artial  degref. 
And  wv  have  nut  oftt;n  thu  advautaf^e  of  having  tl)e 
reasons  for  a  systematic  arrangoracnt  so  clearly  and 
fully  mdicatcd^  as  is  done  here,  ami  in  the  descrip- 
tions of  the  separate  orders. 

Tills  arrangement  Cnvler  adhered  to  m  all  its 
main  pniiits,  both  iii  the  second  edition  of  the 
Regn^  Anitml^  published  in  1821,  and  in  his  llia- 
toire  NatureUe  des  Pois^om,  of  which  the  first 
volume  was  published  in  1828,  but  which  unfor- 
tunately was  not  completed  at  the  time  of  his  deaths 
It  may  be  supposed,  therefore,  to  be  in  accordance 
with  those  views  of  zoological  philosophy,  which  it 
was  the  business  of  his  life  to  fonu  and  to  a|>i>ly; 
and  in  a  work  like  the  present,  where,  upon  so 
large  a  question  of  natural  history,  we  must  be 
directed  in  a  great  measure  by  the  analogy  i»f  the 
history  of  science^  and  by  the  judgments  which 
seem  most  to  have  the  character  of  wisdom,  wc 
appear  to  be  justitied  in  taking  Cnvier's  ichlhyolo- 
gical  system  as  the  nearest  approach  which  hjts  yet 
been  made  to  a  natural  method  in  that  dejhtrtnuTnt. 

The  true  natural  method  is  only  one:  artificia) 
mcthoils,  and  even  good  ones,  thiire  may  be  many, 
as  we  have  seen  in  botany ;  and  each  of  these  may 
have  its  advantages  for  some  particular  use.  On 
some  methods  of  this  kind,  on  which  naturalists 
themselves  have  hardly  yet  had  time  to  form  a 
stable  and  distinct  opinion,  it  is  not  our  oflice  to 
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decide.     But  jiKigin^:,  tlb  I  have  calrcady  said,  from 

the  gcunrnl  rinalogy  of  tlm  natural  j^tiDtitea,  f  liud  it 

difficult  to  conceive  that  the  ichthyological  method 

of  M.  Agassiz,  recently  propounded  with  an  especial 

reference  to  Fossil  Rshe&.  can  be  otherwise  than  an 

^krtiti(.-ia]  method.     It  \s  founded  entirely  nn  one 

"pirt  of  the  animal,  its  scaly  covering,  and  even  on 

a  single  scale.     It  does  not  conform  to  that  whieli 

^-alniust  all   systematic  iehthyologists  hitherto  have 

Hkonsidercd  as  a  pemmncnt  natural  distinction  of  a 

high  order  ;^the  distinction  of  bony  and  cartilagi- 

^bous  fishes;  for  It  is  stated  that  each  order  contains 

^■temples  of  both^^     I  do  not  know  what  general 

^^natomii^l  or  physio  I  o^^'ieal  truths  it  hrings  into 

view;   but  they  ought  to  be  very  important  and 

striking  ones,  to  entitle  them  to  supercede  thoso 

^pWbich  led  Cuvier  to  his  system.    Tu  this  I  may  add, 

that  the  new  ichthyo logical  classihcation  does  tiot 

»eem  to  form,  as  we  should  expect  that  any  great 

advance  towards  a  natural  system  would  form,  a 

EDuected  sequel  to  the  past  history  of  ichthyology ; 
a  step  to  which  iinterior  disecvericG  and  improve- 
ents  have  led,  and  in  which  they  are  retained. 
But  notwithstanding  these  considerations,  the 
ethod  of  M,  Agassiz    has  probably   very  great 
advantages  for  his  purpose;  for  in  the  case  of  fossil 
fish,  the  parts  which  are  the  basis  of  his  system 
often  remain,  when  even  the  skeleton  is  gone.    And 
fn  may  here  again  refer  to  a  principle  of  the  classi- 

"  Dr  BiickhurJV  lirutgefva/rr  Trcaiin.  y.  270. 
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Hcatory  ai^icnce^  which  wa  cannot  make  too  proiTii- 
oeDt; — all  flrnni^menta  and  nomenclatures  are 
good,  whicli  enable  us  to  assert  general  propor- 
tions. Tried  by  this  test,  we  cannot  i'ail  to  set  a 
high  vaiue  on  the  arrangement  of  M.  Agassiz;  for 
propasitions  of  the  moat  striking  generality  respect- 
ing fosBil  remains  of  fish,  of  wliich  geologists  before 
had  never  dreamt,  are  enuuelated  h_v  meaii^  of  hk 
growls  and  nanicfi.  Thus  oidy  thL-  two  first  orders,, 
the  I* fiici/tfiiajis  and  (Jfinoidians-.  existed  before  the 
comniencement  of  the  cretaceous  formation;  the 
third  and  fourth  orders,  the  Ctetamlhus  and  Cy- 
ekMiftns,  which  contain  three-fourths  of  the  eight 
thousand  known  species  of  living  Fishes,  appear  for 
the  tirst  time  in  the  cretaceous  tbrmation ;  and  other 
geological  relations  t>f  thesis  orders,  no  less  remarlt- 
able,  have  been  ascertaini'd  by  M.  Agassiz  (u). 

But  we  have  now,  1  trust,  pursued  these  sciences 
of  classification  sufliciently  far;  and  it  is  time  for 
us  to  enter  upon  that  higher  domain,  of  Physiology, 
to  which,  as  w<*  have  said,  Zoology  so  irresistibly 
directs  us  (a). 
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(<4.)  p,  S76,      To  what  w  hpre  miil  of  BolJLnicaJ  Oar- 

nnd  Botanical  Writura.  between  thu  tim<?H  of  Oesal- 

and   Moi'ijKiu,  1  ma,)'  add  a  few  circumstances.     The 

first  academic^al  gjirdcn  in  France  wn*  that  at  Montpellier, 

ch  wan  fstabll^liL-d  by  Pott-r  Riirhier  ilo  B^llcva],  at  tho 

«nd  of  tho  fiixtotinth  contur)'.    Aljout  tbu  eiuae  jtcrioil,  r.irc 

flowore  WLTC  cultivated   at   Paris,   aud  jiicturts  cf  iheoi 

mai)e,  in  otdur  to  4U|ipJy  ilm  onibroiJertirB  ijf  tU^  cfiurt- 

roben  with  new  patterns.     Thus  G^ures  of  the  most  beaii- 

ul  flowers  in  the  j^rdon  of  Petor  Robins  wera  publifihod 

thti  L-ourt-ombi'oiJL'ror  Puttir  Vallot,  in  ItiflS,  undor  tliii 

of  Ld  Jardin  du  livi  He/irt  I  V.     Hut  Kobina'  works 

TV  of  ^f&i  service  lo  lictany ;    a,ud  hie  garden  aaiisted 

e  fltu<l]M  of  Reneabnufl  (P^luI  lUiiie:iu]ti]«),  whoao  Sp*- 

Ifittori^F  PlaJttftr'"n  {PariH,  ISM,)  is  hig;hl_v  spoken 

'  oy  iho  beat  botaniats'i.      Roconlly*   Mr-  Robert  Brown 

hvi  namoit  aftur  hliti  u  now  gunus  of  Iridea  (Renealhea)  ; 

miMmg,  *^  Dixi  In  niemoriam  P^Du  Renkalmi*  botunic!  sui 

Kvi  £u,-euratis«iEni,  atque  atamlnuni  priiui  ecmtatom;  qui 

non  modo  eonim   mimerum   ot  Bilum,  spd  otiam  filainen- 

lOHLni    prnportiniiflii»    pjiamm    riescrjpeit,    et    charnetcrem 

P       tetnidynanvLCunt  fliliqu(>struni  persjicxit.    {Prodrrrman  Flurts 

^Hf^Lf  Ilollitadi<i!,  p.  443.) 

^B      Tbo  nldcftF   Botani<^ft!  GrLrd<?n  tn  England   is  that  at 
^"Humpion  Court,  fftund^d  by  Qilppti  EM/aU'tbj   and  much 
cnriplictl  by  tJk'irfis  1 1-  and  William  III,  (Sprpngtd,  GflgeA. 
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Mr-  Lindloy^B  recent  work,  The  Ve^lai>U  Kimd<iii; 
(1816),  may  bo  looked  upon  u  containing  the  beat  ticv 
of  the  recent  history  of  Syetematip  Botatiy,  In  the  Inito- 
du{;tion  to  this  work,  Mr.  Lindl^iy  ho^  given  ad  aocount 
of  variouB  roccnt  works  on  the  rabjoct;  sa  Agardh's 
CtasKg  Phntantm  (ia26» ;  PerlBb'e  Lthrhuch  dtr  Natttr^ 
ffetcMckte  tUr  P/tin^enracA  (ltf26) ;  Dumortier'n  F?t»rtj/fl 
Bt^ca  (1S27)  ;  Bartling^B  Ordiaet  IT^a/arahi  Phtifftmta 
(IfiSO)  ;  H*>ea'a  Ur^tnnckt  der  PJiaaero^nisr&m  Karvrli- 
chfii  PfaKzan/iimilii^ii  (183£)  ;  iSchuU^K  NatiirlUhp^  SvBffm 
dee  F^anreni^ich^i  CIW32);  Horanuiow'a  Prima!  LintOi 
iS^Steiiiails  NatiiTiv  (1S31) ;  FrifB^a  Corpus  Floramm  j/rti- 
Tincialinoi  ^aeciw  {1^35)  ;  Martins's  Cowjpecfrw  rft;ni  F«?*- 
tahifu  ffctrnduM  rharact€n$  morphohtficot  (1635) ;  Sir  Ed- 
wan]  F.  Druuibo:Ld'ti  Syutcju,  aa  pubLiabdd  id  Ihir  Ediahar^h 
Joumal  and  oth&r  JouniaJe  (iSSti— 1S40);  Endlinhcr's 
Genera  Plantamw  ti.-cftiidii3n  orriinet  mitaraitfs  di^posita 
(1&36-1340)  i  P^irleb^H  CtatU  Clanicvra  Ordinum  fft  Fami- 
Uamm  (1838);  Adolphe  BrfjOgnUrfa  EnumtraiiiM  da 
Gmrw  de  Plantea  (IS43)  :  Md^ncr's  Planfcrrtim  wsc^ 
iarivm  Gfioera  eneunditm  ordini^  A'aturtt/^  di^^tta  (1843); 
Horjininow'e  Tetraetja  Naturte^  hfu,  S^steiiui  iptinqu^ta^^rt 
ontniuia  y<itur<jtiajn  (1B43);  Adden  de  JueeieLi''B  Ctmn 
EihAfntaire  d'llistoire  li'atiirelh:    PoUtuiqnif  (1S44). 

Mr-  LindTey,  tn  this  a&  in  all  bis  works,  urges  rtrongly 
tho  euporior  valuo  of  natural  as  compare^i  ttith  arliiiciaJ 
Bystenia ;  hia  priuciploti  boing,  I  Lliink,  nearly  such  aa  1 
have  attemptod  to  BHtablith  in  the  PhUiovph^y  Buf>k  viii.. 
Chapter  ir.  Flu  FitAtca  tliat  the  lending  idt-a  which  hai 
been  kept  in  view  in  llie  cotnpihitiou  of  hi*  work  ie  ]XiA 
maxim  of  Price :  '^  ^Singula  aphirnb  (aecUo)  ui*'<tm  'juttrtdant 
ox|ioiiiif   iiidcquG  eju&  oharaater  notione   eimplici  optinii? 
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i^xpcrimitur ;"  ani^  hi;  h  hj?ni?c  led  to  think  that  the  true 

lara^rtur  of  ilII  uaturrtl  !b«Giiib1jiges  arc  oxtrtimdy  Hiiuplu. 

Ont!  yf  tbe  leading  features  in  Mr.  LincUey^H  syetera  ia 

lliat  ho  hjW  thrown  the  Naluntl  Orders  into  grwapn  flnbor- 

dinat«  to  tFio  hij^cr  diriBJone  of  Claagefl  ant!  Sub-cloAHM. 

He  hod  alroful;  atteinpLeil  tliia,   i[i   imiUtiua   of  Agardh 

nnd    liartlinc^i   in    hie   /^ixtig   FtautarutfK    (IS33)-      The 

^uupfi  of  NnturaL  OrdefH  were  tlitre  unlled  Nixii9  (teDdoa- 

uiea)  ^   and  they  were  denoted  by  names  ending  in  afu: 

but  theae  groups  wpre   fiirtlier  enbordinated   to  Cakortt, 

^^rhu9  the  tirat  membor  of  the  arrangement  wufi  Clofla  i^ 

^KUtKiBTgfi.      Sub-claes  r,   PorvrETAL«.     Cohort  u  Alqom[- 

^Bhwjc,     NixuM  I.    BanaUi.      £s'jitur8.[  Oiiiera  iiiuludiHl   in 

tliis  yuertp^  Ranuiiculaceit.  Saruut^iiiL'eu;.  Papaverooeie,  &c. 

In  the  Vefffitaffk  Kin^oia,  the  groupa  of  Natural  Orders 

are  termed  AlUanetH.     In  thie  work,  tho  Sub-classca  of  the 

^BiiaoRNB  arc  four ;   [.  DrouNoua;   n*  HvroiiTNOL'a;   tie.  I'e- 

^HuTNotra :   IV.  Ei'iuYNODs  ;  anil  tbu  Ailiancoe  an?  Bubnrdi- 

iiatod  to  tbofle  without  tho  intervention  of  Co/wrfn. 

Mr.  Ljtidley  has  q\bq.  In  tbJe  as  in  otEier  worlu>  givirn 

Inglitih   nainofl  for  the  Natiiral  Orders.     Thus  for  Nywt- 

^lAiMVtF,  /taauncuhc^fP,  T*rinarioacaiB^  Z^gaphtfliacem.  EUa- 

ttiwtGem,  ho  enhsttlutca  Water-Lilira^   Crowfoots,  Tama- 

riflka,   Bean-Ca|ierfl»   and    Watcr-Poppere ;   for  Maltacetr^ 

AurantuKMf,  (irrntiajtactfw^  Priinula<mt!^  UHiacws^  Euphor- 

Akkhv,  he  emptoys   Mallow-worts,  Citron-wcrta,  Gentian- 

^BlrortHt  Prim-fttirtfl,  Nettle-fforta,  Spurge-wortfl ;   and   the 

^^■M*    Orchids.   HippdHdn,   Aniaryllid^,   Irids,    TyphHi'l»i. 

^^Knds,  Cutmrbits,  are  taken   a^  English   eijnivalijnta   for 

^Ofchidfieefv,  Haloragacfx^^  Atnar^idacM}^  Iridac^^^  T^pKa- 

^HlKVt  Ar^teiBi  Ctieurbitacets.     All  perHons  who  wish  bucuoeb 

In  tJio  study  of  botany  in  England  must  rejoire  to  see  it 

md  to  osauuke  this  idiomatic  shape. 
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(ft.)  p.  4l(L  T  liave  rGUinal  in  the  text  the  romarb 
wlui^h  I  vi.-niurf'd  t^  mrvke  on  ihp  ?Sy9tem  of  M.  Ag7i«ii: 
but  1  believe  the  npinjon  of  Ibe  mnat  pliJlosophical  icbUij- 
^  ologiBtfl  to  be  that  Cuvier's  Syalem  w»  tno  enclnBivdT 
bftsfiil  uu  the  JntL-rnal  akolvton,  a«  Aj^cuaiz'H  wau  on  tlw 
extemd  skelvton.  In  sotii^j  dt^gri^,  botli  eya^K^ms  liavf 
been  supera^ed,  while-  all  that  wm  true  in  en'ii  has  Iwli 
retained.  Mr,  Owc^n,  in  his  Lectnr^sort  Vtrtehrtt/a  £ltt46j. 
tfikofl  Ciivinrinn  cintiwriora  from  the  (tnj1o-><kcli>ten,  Aj;u- 
fiixiftQ  0UG6  from  the  exo-ekeleton,  Liniio^fUi  onns  from  thi? 
ventral  Hdb.  Mullerian  onoe  ffoiii  the  air-Madder,  sjid 
combinea  them  by  tho  Light  of  lua  owu  reeuarcli«,  wflh 
the  view  nf  forming  a  system  more  truly  natural  thou  any 
preceding  on  a. 

{b  )  p.  410,  For  the  morp  rnccnt  prnfjrew  of  Sys- 
terniLtii:  Zoolo^,  8uc  in  tho  Bepiir/a  of  thr*  Hritiflh  Anvh^ 
tioc»  m  I83+,  Mr.  L.  Jenyna'a  Ht/port  on  the  Kfcent  l'r> 
grvM  and  Fnt^nt  State  of  Zo^Mjrit}.  and  in  1^44^  Mr  Stnck- 
land'a  Jirfpori  t)H  the  Il«arAC  Pro^rett  and  Present  SMfe  «/ 
Ormihotog^.  In  thefll^  Rfiport^t,  the  qnention^i  at  the  Cir- 
enlar  Arrangcntont,  thrr  Quinary  Syjitem,  rtJid  the  rcU^^ 
of  An&iogy  anft  Affinity  &re  difteu^L^d. 

Ab  I  hnve  eaid  in  the  t«it,  Duturali^tH.  in  their  pn^ 
gresH  tnwardfl  a  NatunJ  System,  ftre  guide*!  by  pbysiolo 
gieal  relations,  latently  in  Botany,  but  con^cnouflJy  in 
Zoology,  From  the  Hpnrh  of  tlnvier'a  H^ffM  Jninaiy  tlw 
progreHi  cif  8yHtematic  Zoolo^-  k  inseparably  d^>oniknt 
on  the  prugrestt  of  Comparative  Anatomy,  ITwiee  1  ha*ff 
plnouil  Cuvii^ru  d.-uwllioation  of  animal  fomu  in  the  aexl 
Hoi>k,  Vf\uvh  treaU  nf  Phyaiolog)-, 
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Fairfql  find  wiHirfrous  it  Ihp  flJdll  which  monidi* 

Our  hody'tt  vlbJ  plan, 
AthI  liMm  iIk'  firai  Him  hiildiyi  yrmi  iinfol<l? 

I'liu  pvrfpcl  Uinlti  of  mop- 
Wha.  whn  tan  pii^n-t;  Elir  Bt^rfH  idl  us  haw 

Suiuf^thUi);  ib  drai^'n  fTviii  tiou^bt, 
LJA.-  irviu  Llu'  iiuTt  lEits?    ^^~llu.  l^H  !  but  thtw. 

"HTioBc  hjiml  thp  ^httle  hna  wrtjnghl? 
Of  tJils  Khrporsal  Ribmancc,  ellll  ta  E>e» 

ThinG  L\VP  a  iturvf.'y   Look ; 
Ant]  nil  lu^v  mriiLbcrn,  f«(  unfurmtd  hy  lhF#, 

Wen  written  in  thy  book. 


INTllODUCTtON. 


Of  the  Oryanical  Scie^iees. 

fOUGH  the  funeral  notion  of  fife  is  nx^bDow- 

ledgcil  hy  the  moal  profound  philosophers  to  be 

dim  and  tnj'sterious,  even  up  to  the  present  time; 

and  must,  in  the  early  stages  of  human  H|H?culatiun. 

have  bcerk  still  more  f>bsciire  and  confused;  it  was 

sufficient,  even  then,  to  give  interest  and  connexion 

to  men's  observations  upon  their  own  bodies  and 

those  of  other  animals.     It  was  seen^  that  in  livinp 

things,  ci?rta.ift  pnculiar  processes  wore  constantly 

repeated,  as  tliose  of  breathing  and  of  taking  food, 

ibr  example ;   and  that  a  certain  coaformatioa  of 

le  parts  of  the  animal  was  subservicut  to  these 

processes;    and   thus  were   gradually   formed    the 

notions  o^  Fnitntion  and  of  Orffatiizftdov.    And  the 

sciences  of  which  these   notions  formed  the  basis 

are  clearly  distinguisbahle  from  all  those  which  we 

have  hitht^rto  considereJ.     We  conceive  an  m-gan- 

^K«f  body  to  be  one  in  whieh  the  parts  are  there  for 

Hbe  sake  of  the  whole,  in  a  manner  different  from 

^uiy  mechanical  or  chemical  connexion :  we  conceive 

Kfunfiifui  to  be  not  merely  a  process  of  change,  but 
f  change  connected  with  the  general  vital  process. 
Rxm  mechanical  or  chemical  processes  occur  in  the 
living  body,  they  are  instrumental  to,  and  directed 
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by,  the  [wculiar  powers  of  life.  The  scieooes  whidi 
thus  congidcr  or^niiation  ani)  vitjii  fuTH^ioiis  Tna> 
be  termed  organkal  seienees. 

When  men  began  to  speculate  concerning  sucli 
subjects,  the  generaJ  mode  of  apprehending  the 
process  in  the  cases  of  some  functions,  appeared  to 
be  almost  obvious:  thns  it  was  conceived  that  the 
growth  of  animals  arose  from  their  frame  appro- 
priating to  itself  a  part  of  the  substance  of  the  food 
through  the  various  psissages  of  the  body.  Under 
the  influence  of  such  general  conceptions,  specula- 
tive men  were  naturally  led  to  endeavour  to  obiMn 
more  clear  and  definite  views  of  the  course  of  each 
of  such  ])rocesses,  and  of  the  mode  in  which  the 
separate  parts  contributed  to  it.  Along  with  the 
observation  of  the  living  person,  the  more  searching 
examination  which  could  be  carried  on  in  the  dead 
body,  and  the  comparison  of  various  kinds  of  anl- 
maK  soon  showed  tha,t  this  ]iursuit  was  rich  in 
knowledge  and  iu  intere.st.  Moreover,  besides  the 
interest  which  the  mere  speculative  faculty  pfave  to 
this  sludj,  the  Art  of  Healing  added  to  it  a  great 
practical  value;  and  the  effects  of  diseases  and  of 
mt'dicines  supplied  new  materials  and  new  motives 
for  the  reasonings  of  the  philosopher. 

In  this  manner  anatomy  or  physiology-  may  be 
I  considered]  as  a  scicjicc  which   began  to  be  culti- 
vated in  the  earliest  periods  of  eivilj/atiini.     Like 
mo5t  other  ancient  sciences,  its  career  has  been  on^ 
of  perpetual  though  variable  progress;  and  as  in 
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others,  so  in  this,  each  ^tep  has  implicfl  those  which 
had  been  previously  made,  and  cannot  be  uiid(>r- 
,st<>c>d  uriglit  E-Ki^ept  wi^  umk-rstaiid  them,  More^ 
over,  the  steps  of  thi.s  a<ivance  have  l>ecn  vvry  m&uy 
and  diverse ;  the  cultivators  of  anatomy  have  in  all 
ages  been  numerous  and  laborious;  the  subject  is 
one  of  vast  extent  aud  complexity^  almost  every 
generation  has  added  something  to  tbe  current 
knowledg;e  of  its  details;  and  the  general  specula- 
tions of  physiologists  have  been  subtle,  hold,  and 
learned*  It  mu^t^  therefore,  he  difficult  nr  impos- 
sible for  a  person  who  has  not  studied  the  science 
with  professional  diligence  and  professional  advan- 
lages*  to  form  just  judgments  of  the  value  of  the 
discoveries  of  various  ages  ajid  persons,  and  to 
arrange  them  in  their  due  relation  to  each  other. 
To  this  wc  may  add.  that  though  all  the  discoveries 
which  have  been  made  with  respect  to  particular 
hinctions  or  organiKatious  are  understood  to  be 
subordinate  to  one  general  science,  tbe  Philosophy 
of  Life,  yet  the  principles  and  doctrines  of  this 
scitfoce  nowhere  exist  in  a  shape  generally  received 
and  assented  to  among  physiologists;  and  thus  we 
have  not.  in  this  science,  the  advantage  which  in 
some  others  we  have  possessed; — of  discerning  the 
true  direction  oF  its  first  movements,  by  knowing 
the  point  to  which  they  ultimately  tend; — of  run- 
ning on  beyond  the  earlier  discoverit^.  and  thin 
looking  them  in  the  fece,  and  reading  their  true 
featnrpK.     With  these  disadvantages,  all  tliat  w€ 


420 


HISTORY  OF  PHI^IOLOGV. 


5 

I 


can  have  to  say  refipecting  the  histflry  of  PhyMO- 
logy  must  need  great  indulgence  on  the  part  of  the 
reaiier, 

Yet  here,  as  in  other  cases,  we  may,  by  guiding 
our  views  hy  those  of  the  greatest  and  most  phi- 
losophical men  who  have  made  the  subject  tbdr 
study,  hope  to  avoid  material  errour&  Nor  ran  vte 
veil  evade  making  the  attempt.  To  obtain  ^urne 
simple  and  consistent  view  of  the  progress  of  pliy* 
siological  science,  is  in  the  highest  degree  important 
to  the  completion  of  our  views  of  the  progress  of 
physical  science.  For  the  physio l*>gieal  or  organieal 
sciences  form  a  class  to  which  the  classes  already 
treated  o^  the  mechanical  chemical,  and  classiHca- 
tory  sciences,  are  suhordinatc  and  auxiliary.  Again, 
another  circumstance  which  makes  physiology  an 
important  part  of  onr  survey  of  human  knowledge, 
is,  that  we  have  here  a  science  which  is  concerned. 
indeed,  about  material  combinations,  hut  in  which 
WG  are  led  almost  heyond  the  borders  of  tho  mate- 
ria.! world,  into  the  region  of  sensation  and  percep- 
tion, thought  and  wilh  Such  a  contemplation  maj 
offer  some  suggestions  which  may  prepare  us  for 
the  transition  from  physical  to  metaphysical  specu- 
lations. 

In  the  survey  which  we  must,  for  such  pnrposei,^ 
take  of  the  progress  of  physiology,  it  is  by  no  means 
necessary  that  we  shouid  exhaust  thi'  suhJL^^  anJ 
attempt  to  give  the  history  of  every  branch  of  the 
knowledge  of  the  phenomena  and  laws  of  living 
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creatures,  ft  will  be  sufficient,  if  we  follow  a  few 
of  the  lines  of  such  researches,  which  mav  be  consi- 
dered  as  examples  of  the  whulc.  Wu  buo  that  lift? 
15  accompanied  and  sustained  hy  maii.y  procceses, 
which  at  first  oflep  themselves  to  our  notice  as 
separate  functions,  however  they  may  afterwards  be 
found  to  be  connected  and  identified;  euch  are 
feedin;r,  digcHtion,  respiration^  the  action  of  the 
heart  and  pulse,  generation,  perception,  voluntary 
motion.  The  analysis  of  any  one  of  these  functions 
may  be  pursued  separately.  And  since  in  this,  as 
in  all  genuine  sciences,  our  knowledge  becomes  real 
and  sclentitic,  only  in  so  far  as  It  is  verified  in  par- 
ticular facts,  and  thus  established  in  general  propo- 
sitions, such  an  original  separation  of  the  subjects 
of  research  is  ref|Uisitu  to  a  true  representation  of 
the  growth  of  real  knowledge.  The  loose  hypo- 
eses  and  systems,  concerning  the  connexion  of 
different  vital  faculties  and  the  general  nature  of 
living  things,  which  have  often  been  promulgated, 
must  be  excluded  from  this  part  of  our  plan.  We 
do  not  deny  all  value  and  merit  to  such  specula- 
tions; but  they  cannot  be  admitted  in  the  earlier 
stages  of  the  history  of  pbysiolog)'.  treated  of  as  an 
Inductive  science.  If  the  doctrines  so  propounded 
have  a  solid  and  permanent  truth,  they  will  again 
come  before  us  when  we  have  travelled  through  the 
range  of  more  limited  truths,  and  are  prepared  to 
ascend  with  security  and  certainty  into  the  higher 
region  of  general  physiological  principles.    If  they 
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oannot  be  arrived  at  bv  sncb  a  road*  they  are  then. 
however  plausible  and  pleasing,  no  portion  of  that 
real  and  progressive  science  with  which  alone  our 
history  is  concerned. 

We  proceed.  thc3^fore,  to  trace  the  establish- 
raent  of  some  of  the  more  limited  but  certain  dotv 
trines  of  physiology. 
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I>IH*:OVEHV   OF  THE   ObGANS   OF   VijE.lTNTAnV 

Motion, 


m^ 


I 


1. — KnowUdge  of  Galen  and  his  Predecegfors. 

IN  th(?  earlitrst  conceptions  which  men  entertaiued 
of  their  power  of  moving  their  own  members 
they  probably  had  no  thought  of  any  mechanism  or 
oi^ani/al'um  hy  which  tliU  was  effected.  The  foot 
and  the  haud.  no  less  than  the  head,  were  seen 
to  be  endowed  with  life;  and  this  pervading  life 
seemed  sufficiently  to  explain  the  power  of  motioD 
ID  each  |>art  of  the  frame,  without  its  being  held 
ecci^sary  to  seek  out  a  special  scat  of  the  will,  or 
iDStrumcntH  by  which  It'J  impules  were  juade  effec- 
tive. But  the  slightest  inspection  of  dissected  ani- 
mals showed  that  their  limbs  were  formed  of  a 
rioiis  and  complex  collection  of  cordage,  and 
communications  of  ^'a^iou3  kindn,  runTiing  along 
and  connecting  the  bones  of  the  skeleton.  These 
cords  and  commuuicatioos  we  now  distinguish  as 
uscEcs.  Eicrves,  veins,  arteries,  &c. ;  and  among 
esc,  we  assign  to  the  muscles  the  oificc  of  moving 
■he  parts  to  which  they  are  attached,  as  cords  move 
the  parts  of  a  machine.  Though  this  action  of  the 
on  the  born*s  maj  now  appear  very  obvious. 
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it  wuti,  probably,  not  at  first  difiCcrnGd.  It  is  ob- 
served that  Homer,  who  deacribus  the  wounds  which 
arc  inflicted  In  bis  battles  with  so  mucb  apparent 
anatomical  precision,  nowhere  employs  the  word 
mfisck^  And  even  Ilippocrates  of  Cos,  the  mosl 
celcbnitod  physician  of  antiquity,  is  held  to  have 
had  no  distinct  conception  of  such  an  organ'.  He 
always  employs  the  word  Ji^sh  when  he  means 
7uusde,  and  thu  first  explauatlou  of  the  latter  wi»cd 
{fAVi)  occurs  in  a  spurious  work  ascribed  to  him. 
For  nerves,  sinews,  ligaments',  he  uses  indiscrimi- 
nately the  same  terms;  (rtrvuv  or  nvpov'^  and  of 
these  nerves  {i^vpu)  he  asserts  that  they  contract 
the  limlia.  Nor  do  we  find  much  morn  distinctncra 
on  this  subject  even  in  Aristotle,  a  generation  or 
two  later.  "  The  origin  of  the  i^Zfyu^'  he  says',  •*  is 
from  the  heart;  they  connect  the  bones,  and  sui^ 
roimd  the  joints/'  It  is  clear  that  be  means  here 
the  muscles,  and  therefore  it  is  with  injustice  that 
he  has  been  accused  oJ'  the  gross  errour  of  deriving 
the  nerves  Irom  the  heart.  And  he  is  held  to  have 
really  iia<l  the  merit^  of  discovering  the  nerves  of 
sensation,  which  he  calls  the  *^  canals  of  the  brain" 
{jTopot  Tov  eynttpaXuu) ;  but  the  analysis  of  the  me- 
chanism of  motion  is  left  by  him  almost  untoui^hed. 
Perhaps  his  want  of  somid  mechanical  iiotiims,  a.nd 
his  constant  strainiikg  after  verbal  generalities,  and 
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flj'stematic  ciEkssiiicatlons  of  the  widest  kind^  supply 
the  true  account  of  his  thus  missing  the  solution  of 
^^ue  ofthi?  simplest  problcTns  of  atiatomy- 
^^      In  this,  however,  as  in  other  subjects,  his  imine- 
iate  predecessors  were  far  from  remedying  the  defi- 
ciencies of  his  doctrines.     Those  who  professed  to 
^study  physiolo^  and  medicine  wero,  for  the  must 
"part,  studious  only  to  frame  some  general  system  of 

I  abstract  principles,  which  might  give  an  appearance 
pf  couuexiou  and  profundity  tQ  their  tenets.     In 
fhis  manner  the  successors  of  Hippocrates  became  a 
inedical  school,  of  great  note  in  its  day,  designated 
as  the  Dotjmatic  school*;  in  opposition  to  which 
arose  an  Empiric  sect,  who  professed  to  de<luce  their 
^modus  of  cure,  not  from  tiieoriftical  dogmas,  but 
^|from  experience-  These  rival  parties  prevailed  prin^ 
oipally  in  Asia  Minor  and  Hgypt,  during  the  time  of 
.kxander's  successors, — a  period  rich  in  names,  but 
»or  in  discoveries:  and  we  find  no  clear  cvidciico 
any  dcci<led  advance  in  anatomy,  aueh  us  we  are 
\Te  attempting  to  trace. 
The   victories    of  Lucullus   and  Pompeius,    in 
^ee   and  Asia,   made  the  Romans  acquainted 
with  the  Greek  philosophy;  and  the  consequence 
ton  was>  that  shoals  of  philosophers,  rhetoricians, 
and  physicians'*  streamed  from  Greece.  Asia 
lor,  and  Kgypt,  li*  Rome  and  Italy,  to  tragic 
their  knowledge  and  their  arts  for  Roman  wealth, 
Anioug  these,  was  one  person  whose  name  makes  a 


*  SprLi^B*'^'  ^''"'^  ^'^^  1'  ■''KJ, 
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great  figure  in  the  histfiry  [}f  medicnnc,  Afu^lcpiadcs 
of  Prusa  in  Bithynia.  Tfiis  man  appears  to  have 
beeu  a  quack,  with  the  usual  endowm^'iits  of  hie 
class; — -boldnCBs,  singularity,  a  coDtemptuouE  rejec^ 
tion  of  ail  previously  ustocmed  opinionfi,  a  now 
classification  of  diseases,  a  new  list  of  modicinps. 
and  the  assertion  of  some  wooderfiil  cures,  He 
woidd  not,  on  such  accounts,  deserve  a  place  in  the 
history  of  science,  iiut  that  he  became  tlie  founder 
of  a  new  school  the  Methodic,  which  professed  to 
hold  itself  separate  both  from  the  Dogmatics  and 
the  Empirics, 

I  hjive  noticed  these  schools  of  medicine,  be- 
cause, though  T  am  not  able  to  state  distini^tlv  their 
respective  merits  in  the  euUivation  of  anatomy,  a 
great  progress  in  that  science  was  undoubtedly  made 
during  their  domination^  of  which  the  praise  must, 
1  conceive,  be  in  some  way  divided  among  theitL 
Tbe  amount  of  this  progress  we  are  able  to  esti- 
mate^ when  we  come  to  the  works  of  Galen,  w'ho 
nourished  under  the  Antoniue^,  and  died  about 
A.D,  W3.  The  foUowing  passage  from  his  works 
will  show  tiiat  this  progress  in  knowledge  was  not 
made  without  the  usual  condition  of  laborious  and 
refill  expt-'rimenl,  while  it  implies  tbe  curious  lael 
if  such  csperimrnt  being  conducted  by  moans  of 
femily  tradition  and  instruction,  so  as  to  give  rise  to 
a  cui^fti  of  dissectors.  In  the  opening  of  his  Second 
Book,  On  Auaimnirul  Monipu^tttwm^  ho  speaks 
thus  of  his   predecessors :    "  I  do  not  blame  the 
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mri^nts,  who  did  not  write  books  on  anatomical 

'maaipuLation  ^  though  I  praise  Marinus,  who  did. 
For  it  was  sujjertluous  for  thtm  to  compose  such 

^cords  for  themselves  or  others,  while  they  were, 
from  their  childhood,  exercised  by  their  parents  in 

liBserting,  just  as  faiiuliarly  as  in  writing  and  read- 
ing; so  that  there  was  no  more  fear  of  their  ibr- 
g-etting  their  anatomy  than  of  their  forgetting  their 

I  alphabet.  But  whim  j^wn  men,  as  well  as  chil- 
dren, were  taught,  this  thorough  discipline  fell  off; 
Knd,  the  art  heing  carried  out  of  the  family  of  the 
Asclepiads.  and  declining  by  repeated  transmission 
books  became  necessary  for  the  student." 
That  the  general  structure  of  the  animal  frame, 
^tfi  iHini|i<isnd  of  hones  and  niusclcs.  was  knowi;  with 
great  accuracy  before  the  time  of  G^en,  is  mani- 
■^^  from  tho  nature  of  the  mistakes  and  deficiencies 
Hof  his  predecessors  which  hi^  finds  it  necessary  to 
notice.  Thus  he  ohi^erves,  that  t^ome  anatomists 
vliave  made  one  mnscle  into  two,  from  its  having 
Htwo  heads;— that  they  have  overlooked  some  of  the 
Vinuscles  in  the  fac^  of  an  a^re,  in  consequence  of  not 
skinning  the  animal  with  their  own  hands; — «nd 
:hc  like.  Such  rf^marks  imply  that  the  current 
knowledge  of  this  kind  was  tolerably  complete. 
Galen's  own  views  of  the  general  mechanical  struc- 
ture of  an  animal  n.rt^  very  clear  and  sound.  Thp 
skeleton,  he  observes,  discharges"  the  office  of  the 
pole  of  a  tent,  or  the  walls  of  a  house.    With  respect 

'    /V  Awafnm    .Itfmiiiitl .  i.  9, 
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to  the  action  of  the  muscles,  his  views  were  anatomi- 
cally ami  Jiiuchanicaily  ujirrect;  in  some  instancrs, 
ht  showed  wliat  this  fiction  was,  by  aevLTJug  the 
muscled  He  himself  added  conaideralily  t^J  ike 
existing  knowledge  of  this  subject;  and  his  dis- 
coveries and  descriptions,  even  of  very  mmute  parts 
of  the  muscular  system,  ore  spoken  of  with  praise 
by  mcdem  anatomists". 

We  may  ci>nsider,  therefore,  that  the  doctrine  of 
the  muscular  system,  as  a  collection  of  cords  and 
sheets,  by  the  contraction  of  which  the  parts  of  iIil> 
body  are  moved  and  supported,  was  firmly  csla- 
blisbed^  and  completely  followed  into  detail,  by 
Galen  and  his  predecessors.  But  there  is  another 
class  of  or^^ans  connected  with  voluntary  motion, 
the  nerves,  and  wb  must  for  n,  moment  trace  the 
opioiona  which  prevailed  respecting;  these.  Aris- 
totle, as  we  have  said,  noticed  some  of  the  nerves  of 
sensation.  But  Herophilus,  who  Hvcd  in  Egypt  in 
the  time  of  the  first  Ptolemy,  distingnisht'd  nerves 
as  the  organs  of  the  will"'',  and  Kuius,  who  lived  in 
the  time  of  Trajan",  divides  the  nerves  into  sensi- 
tive and  motive,  and  derives  them  all  from  the 
braim  But  this  did  not  imply  that  men  had  yet 
distinguished  the  nerves  from  the  muscles.  Even 
Galen  maintained  that  every  muscle  consists  of  a 
bundle  of  nerves  and  sinews'".  But  the  important 
jwints,  the  necessity  of  the  nerve,  and  th<e  origina- 

^  Sprenff'l,  ii.  157-  "  lb-   ii- 150.  "  lb.  i.  5,14. 
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tion  of  all  this  a]>parrLluti  of  niotion  from  the  brain, 
be  insista  upon  with  great  clearness  and  force- 
Thus  he  proved  the  necessitj"  experimentally,  by 
sutting  through  some  of  the  bundles  of  nerves'",  and 
thus  prevcntinf^  the  corresponding  motions.  And  it 
is,  he  says",  ii|]ow*'d  hy  all,  both  physicians  and 
philosophers,  that  where  the  origin  of  the  nerve  is. 
there  the  seat  of  the  soul  {iyimoiiKoe  riri  V"'X't=) 
Hniui^t  be :  no^v  this,  he  adds,  is  in  the  lirain^  and  rot 
^Bn  the  heart. 

H      Thus  the  general  construction  and  arrangement 
Hof  the  or^^anization  by  which  voluntary  motion  Is 
™etfected,  was  well  made  out  at  the  time  of  Galen, 
and  is  found  distinctly  delivered  in  his  works.     We 
cannot,  perhaps,  justly  ascribe  any  large  portion  of 
■the  general  discovery  to  him:  indeed,  the  concep- 
tion of  the  mechanism  of  the  skeleton  a,nd  muscles 
Kwas  probahl}'  so  gradually  unfolded  ut  the  minds  of 
"anatomical  students,  that  it  would  be  difficult,  even 
if  we  knew  the  labours  of  eacli  persoji,  to  seloct 
Hpne,  as  peculiarly  the  atithor  of  the  discoveTy.    But 
Hit  is  clear  that  all  those  who  did  materially  con- 
tribute to  the  establishment  of  this  doctrine,  must 
have  possessed  the  quallii cations  which  we  find  !u 
Galen  for  such  a  task ;  namely,  clear  mechanical 
views  of  what  the  tensions  of  collcctioTis  of  strings 
could  do,  and  an  exact  practical  acquaintauce  with 
(tlio  muscular  cordage  wliich  exists  in  the  animal 
frame; — in  short,  in  this  as  in  other  instances  of 

"  3pr«iuel,  li.  ir.7.         "  I>f  Iliffvcr.  ft  Pint.  Dog.  viii,  J. 
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real  advance  in  science,  there  must  have  Iwen  cle» 
ideas  an<l  nial  facts,  uiiitv  of  thought  and  extent  (»f 
observation,  brought  into  contact. 

Sad.  2. — Recoijuitimi  of  Final  Cumes  m  Ph/t- 
sioloiiy.     Galen. 

TnEHE  is  one  idea  which  the  researches  of  the 
physiologist  and  the  anatomist  so  constantly  force 
upon  him.  that  he  ca,nnot  help  assumini*;  it  lis  one 
of  the  guides  of  his  speculations;  I  nieaiv  the  idi-n 
of  a  pvrjioite,  or,  as  it  is  called  in  Aristotelian 
phrase,  a  Jfnat  cav-se,  in  the  arrangements  of  the 
animal  frame.  It  is  impossible  to  doitlit  that  the 
n^ntivo  ner\'es  run  along  the  lini}>s,  ■;«  order  that 
they  may  convey  to  the  muscles  the  impulses  of  the 
will:  and  that  the  muscles  are  attached  to  the 
bones,  hi  ord-pr  that  they  may  move  and  support 
them.  This  convirtion  prevails  so  steadily  among 
anatomists,  that  even  wlien  the  use  of  any  part  is 
altogelliCT  unknown,  it  ia  sliU  taken  for  granted 
that  it  has  some  use.  The  developement  of  this 
conviction, — of  a  purpose  in  thi*  parts  of  aniuiala. — 
of  a  fiinction  to  which  each  portion  of  the  organiza- 
tion is  subservient, — contributed  greatly  to  the  pro- 
press  of  physiology;  for  it  constantly  urged  men 
forwards  in  their  researches  respecting  each  or^n. 
till  some  drfinitr  view  of  its  puqiose  was  obtained. 
The  assumption  oF  hypothetical  tinal  causes  in  phy- 
sics may  have  been,  as  Bacon  asserts  it  to  have 
l>een»  prejudicial  to  science;  hut  the  a^umption  of 
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nkriown  final  causes  in  physiology,  has  ^iven  rise 
lu  the  sdpiiLT,  The  two  branches  of  speculation, 
Physics  and  Physiology,  were  equally  led,  by  every 
new  phenomeoon^  lo  ask  their  i^uestiori,  "Whyf* 
But^  in  the  former  case,  "why"  meaul  "through 
what  cause?"  in  the  latter,  ''for  what  end?"  And 
thnugh  it  may  be  ]>ossib]e  to  introduce  inti*  pliysifi- 
\o<^y  thu  dtfcctriiic  of  oflicicnt  causes,  such  a  step  can 
never  obHterate  the  obligations  which  the  science 
■wes  to  the  pervading  conception  of  a  purpose  con- 
t^ufd  ill  all  i.^rganizatii^n. 

This  conception  makes  its  appearance  very  earlyn 
Indeed,  without  any  special  study  of  our  structure. 

e  tliought.  that  we  are  fearfully  and  wonderfully 

ade,  forces  itself  upon  men*  with  a  my»^erious 
inipressivencss,  as  a  suggestion  of  our  Maker.     In 

is  hearing,  the  thought  is  developed  to  a  eona- 
derable  extent  in  the  well-known  passage  in  Xeao- 
phon's  Vtmrcrsatians  x/f  ^ocraici.  Xor  did  it  ever 
lose  its  hold  on  sober-minded  and  instructed  men. 
The  Epicureans,  indeed,  held  that  the  eye  was  not 
made  for  steing,  nor  the  ear  for  hearing;  and  As- 
clepiailes  whom  we  have  ^.Iready  mentioned  as  an 
impudent  pretender,  adopted  this  wiUl  dogma'*. 
Such  asHcrtions  required  no  labour.     "  It  is  easy." 

,ys  Galen*',  "for  people  like  Asclepiades.  when 

ey  come  to  any  difficulty,  to  say  that  nature  hajt 
worked  to  uo  purpose."     The  great  anatomist  him- 

If  pursues  hi.^  subj£?et  in  a  very  different  temper. 
a  well-known  passage,  he  breaks  out  into  an 

'*  8pr.  11-  \h.  "  Df  Vm  Prrrt.  v.  st.  (m  tlir  kiilnev^) 
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entbusiostic  worn  or  the  folly  of  tht-   atheistical 
notions^',     "Try,"  he  says,  "if  you  can  imagine  i 

shoe  made  with  haU"  the  skill  whieh  appoars  in  the 
gUIb  of  the  foot/'  Some  one  ha.d  spoken  ef  a  struo- 
tnre  of  the  human  body  whit^h  lie  would  havt  pre- 
ferred to  that  which  it  now  has.  '*See.''  Galen 
exclaims,  after  pointing  out  the  absurdity  of  the 
imaginary  scheme,  ^'see  what  bnitishness  there  !s  in 
this  wish.  Bnt  if  I  were  to  spend  more  words  on 
such  cattle,  reasonable  men  might  blame  me  tor 
desecrating  my  work,  which  I  regard  as  a  rell^ous 
hymn  in  honour  of  the  Creator." 

Galen  was  from  the  tirst  highly  e^teomcd  as  an 
anatomist.  He  was  originally  of  Pcrgamus:  and 
after  receiving  the  instructions  of  many  medical 
and  philosophical  professors,  and  especially  of  those 
of  Alexandriaj  which  was  then  the  metropolis  of 
the  learned  and  scientific  world,  he  c«me  to  Rome. 
where  his  reputation  was  soon  so  great  as  to  excite 
the  envy  and  hatred  of  the  Roman  physicians.  The 
emperors  Marcus  Aurolius  aiiil  Kucius  Verus  would 
have  retained  him  near  tbem;  but  he  preferred 
pursuing  his  travels,  directed  principally  hy  curi- 
osity. When  he  died,  he  left  behind  him  numurous 
works,  all  of  them  of  great  value  f(»r  the  light  they 
throvv'  on  the  history  of  anatomy  and  inedicrno ;  and 
these  were  for  a  long  period  the  storehouse  of  all 
the  most  importaat  anatomical  knowledge  which 
the  world  pos^^^sed.  In  the  time  of  inteJlectual 
harrennoss  and  servility,  amon^  the  Arabians  and 
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Europeans  of  tbe  dark  ages,  tlie  writings  of 
Galen  had  almost  unquestiDnod  authority^';  and  it 
WBS  oTiIy  by  an  uncommon  effort  of  independent 
thinking  that  Abdollatif  ventured  to  assert,  that  even 
Galen  s  assertions  must  g^ve  way  lo  the  evidence  of 
the  senses.  In  more  modern  tiraesj  when  Vcsalius* 
in  the  sixteenth  century,  accused  Galen  of  mistakes, 
he  drew  upon  himself  the  hostility  of  the  whole 
body  of  physicians.  Yet  the  mistakes  were  such  as 
might  liave  been  pointed  out  and  confessed"  with- 
out acrimony,  if,  in  times  of  revolution,  nuldness 
and  moderation  were  possible;  but  an  impatience 
of  the  superfitition  of  tradition  on  the  part  of  the 
innovators,  and  an  alarm  nf  the  subversion  of  alE 
recognized  truths  on  the  part  of  the  estabhshed 
teachers,  inflame  and  pervert  all  such  discussions- 
esalJtis's  main  charge  against  Galen  is,  that  his 
dissections  were  performeil  upon  animals,  and  not 
upon  the  human  body.  Galen  himself  speaks  of  the 
eclion  of  apes  as  a  very  familiar  employment^ 
d  states  that  he  killed  them  by  drowning.     The 

(natural  difficulties  which.  In  various  ages,  have  pre- 
bented  the  unlimited  prosecution  of  human  dissec- 
■on,  operated  strongly  among  the  ancients,  and  it 
Irould  have  been  difficult,  under  such  circumstances. 
Id  proceed  more  judiciously  than  Galen  did. 
1  shall  now  proceed  to  the  history  of  the  disco- 
rery  of  another  and  less  obvious  function,  the  circu- 
lation of  the  blood,  which  belongs  to  modern  times, 

"Spwngei,iL3fi9.      ''  Cav,  Le^muMrrHiiLdet  ScNaLy,  25, 
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Sect.  }. — Prditde  to  the  Discocerjf. 

THE  blood- vessels,  the  veins  und  arteries,  are  ^ 
evident  and  peculiar  in  their  appearance  as  the 
muscles;  but  their  function  i^  by  no  means  so 
obvious.  Hippocmtfts'  did  not  discriminate  veius 
and  arteries ;  both  are  called  by  the  same  name 
{rpxifiti)  I  and  the  word  from  which  artery  comes 
{apTTjpiti)  means,  in  liis  works,  the  windpipe-  Aris- 
totle, scanty  as  was  Ids  knowJeii^  of  the  vessels 
of  tbe  body,  has  yet  the  merit  of  having- traced  the 
origin  of  all  the  veins  to  tbe  heart.  He  expressly 
contradicts  thosa  of  bis  predecessors  who  had  de- 
rived the  veins  from  tbe  head*;  and  refers  to  dis- 
section for  the  proof.  If  the  book  On  the  I/renth 
be  genuine  (which  is  doubted),  Aristotle  was  aware 
of  the  distiiK-tion  belwccin  vi.-ins  and  arteries. 
"Every  artery/'  it  h  there  asserted.  *' ia  accom- 
panied by  a  vL'in  ;  the  former  are  filled  only  witb 
breath  or  air"/'  But  whether  or  no  this  passage 
be  Aristotle's,  beheld  opinions  equally  erroueous; 
as,  that  the  windpipe  conveys  air  into  the  heart*. 
Galen*  was  far  from  having  views  respecting  tbe 
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llood-vessels,  as  sound  as  those  wliicb  he  enter- 
tained cottcoming  the  musdcs.  He  held  the  liver 
to  be  the  origin  of  the  yeins,  and  the  heart  of  the 
arteries.  He  was,  however,  acquainted  with  their 
junctioiis,  or  anastomose^^  But  we  find  no  matorial 
adrance  in  the  knowledge  of  this  subject,  till  we 
overleap  the  blank  of  the  middle  ages,  and  reach 
the  dawn  cf  modem  science. 

'  The  fatlicr  of  modem  anatomy  is  lield  to  be 
Mondioo\  who  dbsocted  and  taught  at  Bologna  in 
1315.  Some  writers  have  traced  in  him  the  rudi- 
ments of  the  doctrine  of  the  cireulatloa  of  the 
blood;  for  he  says,  that  the  heart  transmits  blood 
to  the  lungs.  But  it  is  allowcti,  that  he  afterwards 
destroys  the  merit  of  his  remark,  by  repeating  the  old 
assertion  tliat  the  lell  ventricle  ought  to  contaia 
spirit  OT  air,  which  it  generates  from  the  blood, 

b  Anatomy  was  cultivaterl  with  great  diligence 
and  talent  in  Italy  by  Achillini,  Carpa,  and  ^fessa» 
and  in  France  by  Sj'lvius  and  StCfibauus  (Dubois 
id  Etienne).  ^et  still  tliese  enipty  assumptions 
jpecting  the  heart  and  blood-vessels  kept  their 
ground,  Vcsalius,  a  natix'e  of  BrusselB,  has  been 
b^ermed  the  founder  of  human  anatomy,   and  his 

'great  work  De  Hnmani  Corporis  Fa^rirji  is,  even 
yet,  a  splendid  monument  of  art.  as  well  as  science. 
It  is  said  that  his  figures  were  designed  by  Titian; 
and  if  this  be  not  exactly  true,  says  Cuvier^  they 

Ertcifc.  Brit.  602,  Analomj'. 
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must,  at  least,  be  from  the  jiencil  of  one  of  Ihe 
most  distinguished  pupils  of  the  great  painter;  for 
to  this  Jay,  thougli  we  have  more  finislied  draw- 
ings, we  have  do  designs  that  are  more  arttstUke. 
Fallopiu.s  who  succeeded  VesaJius  at  Padua,  made 
some  additions  to  tho  researches  of  his  pre<ieL'es&or; 
but  m  his  treatise  Be  Principio  Veiiarum^  it  is 
clearly  seen"*  that  the  circulation  of  the  blood  was 
unknown  to  hiin.  Kusta,ehius  also,  whom  Cuvier 
groups  with  Vesalius  and  Fallopius,  as  the  three 
great  founders  of  modern  anatomy,  wTote  a  treatise 
on  the  vein  azpgoe\  which  is  a  little  treatise  on 
comparatJTe  anatomy:  but  the  discovery  of  the  func- 
tions of  tho  veins  came  from  a  different  quarter. 

The  unfortunate  Servetus,  who  was  burnt  at 
Geneva  as  a  heretic  iu  1553^  is  the  finst  person  who 
speaks  distinctly  of  tJie  small  ciTcubtloD«  or  that 
which  carries  the  blood  from  the  heart  to  the  lungs, 
and  back  again  to  the  heart.  His  work  entitled 
Citristiifiihnil  Rct^fitiffio  was  also  burnt;  and  ooly 
two  copies  are  known  to  have  escaped  the  flames. 
It  is  in  this  work  that  he  asserts  the  doetrine  in 
question,  as  a  collateral  argument  or  illustralJOD 
of  his  subject,  *'The  commumoation  between  the 
rigl»t  and  left-  ventricle  of  the  heart,  is  made,"  he 
says,  **not  as  is  commonly  believed,  through  the 
partition  of  the  heart,  but  by  a  remarkable  artifice 
(ma<fno  artijicio)  the  blood  is  carried  from  the 
right  ventricle  by  a  long  circuit  through  the  lungs; 

'  Cut.  Sc.  Nat.  p,  3S.  '  lU.  p.  31. 
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is  elaborated  by  the  lungs,  made  yellow,  and  trans- 

iused  from  the   ren't   arWriosa   into  tho   arteria 

venosa"  This  truth  is,  however,  mixed  with  various 

of  the  tradltioual   fancies  concerning  the   "viUd 

spirit,  wliich  has  its  origin  in  the  left  ventricle.**    It 

may  be  doubted,  also,  how  fai  Servettis  formed  his 

opinion  upon  conjecture*   and  ou  a   h>7>othetical 

view  of  tbo  formation  of  this  vital  ppirit.     And  we 

may,  pcrliapa,  more  justly  ascribe  the  real  establish- 

menC  of  the  pulmonary  circulation  as  an  inductive 

truth,  to  Roaldus  Columbus,  a  pupil  and  successor 

Vesaliua  at  Padua^  who  published  a  work  IJe 

AttdtOfrticfi  in  1559,  in  which  he  claims  this  dis- 

very  as  his  own^". 

Andrew  Cs^salpinus,  who  has  already  come  under 
notien  as  oug  of  the  fathers  of  modem  indue- 
ve   science,    both    by  his   metaphysical   and    his 
physical  speculations,  described  the  pulmonary  cir- 
culation still  more  completely  in  his  QumBtioites 
^^*eripateiica\  and  even  seemed  to  be  on  the  eve  of 
^fciscove ring  the  great  circulation;  for  he  remarked 
^ke  swelling  of  veins  below  ligatures,  and  inferred 
^^um  it  B  refluent  motion  of  blood  in  these  vessels '^ 
But  another  discovery  of  structure  was  needed,  to 
prepare  the  way  for  this  discovery  of  function  \  aijd 
this  was  made  by  Fabricius  of  Acquapendente,  who 
^     BuccoedL''d  in  the  grand  list  of  great  professors  at 
Padua,  and  taught  therefor  fifty  years".     Sylvius 
h^  discovered  the  existence  of  the  valves  of  the 
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veins;  but  Pabricius  romarked  that  they  are  all 
turned  towards  tho  huu.rt.  Coinbiuing  this  disposi- 
tion  T\ith  that  of  the  valves  of  the  heart,  aiid  with 
the  absence  of  valves  in  the  arteries,  he  might  have 
oome  to  the  conclusion"  that  the  blood  moves  in  a 
difterent  direction  in  the  arteries  and  lu  the  vem^ 
and  might  thus  have  discovered  the  circulation: 
but  this  glory  was  reserved  for  William  Harvey  :  so 
true  is  it,  observes  Cu^icr,  that  we  are  often  on 
the  brink  of  a  discovery  without  susj>Gctiug  that 
we  are  BO ; — so  true  is  it,  we  may  add,  that  a  cer* 
tain  Gucee&sioii  of  time  and  of  persons  is  generally 
noeessary  to  familiarize  men  with  one  thought 
before  they  can  advance  to  that  which  is  the  next 
in  order. 


SecL  2. — T/tn  DiscovefT/  of  fko  Uircuiatioa  r/uido 

William  Harvey  was  born  in  157^  at  Folkestone 
in  Kent^*.  He  first  studied  at  Cambridge:  he  after- 
wards  went  to  Fadua,  where  the  celebrity  of  Fabri' 
cnns  of  Aequapendente  attracted  from  all  parts 
those  who  wished  to  be  instructed  in  anatomy  and 
physiology.  In  this  city,  excited  by  the  discovery 
of  the  valves  of  the  veins,  which  bis  ma^iter  had 
recently  made,  and  reflecting  on  the  direction  of 
the  valves  which  are  at  the  entrance  of  the  veins 
into  the  heart,  and  at  the  exit  of  the  arteries  from 
"CBT,p,45,  '•  p.  51. 
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it,  he  conceived  the  idea  of  makiog  experiments,  in 
.order  to  determine  what  is  tha  course  of  the  hicod 
its  vessels.  Ifo  foiind  that  when  he  tied  (ip 
veins  in  various  animals^  they  swelled  below  the 
ligature,  or  in  the  part  furthest  from  the  heart; 
whijo  arterieSi  with  a  like  ligaluje^  swelled  on  the 
edc  next  the  heart.  Combining  these  ffl^-ts  with 
le  direction  of  the  valves,  he  came  to  the  conclu* 
aiou  that  the  blood  ij^  impelled  by  the  left  side  of 
heart  ia  the  arteries  to  the  extremities,  and 
thence  returns  by  the  veins  into  the  right  side  of 
^Uie  heart.  He  showed,  too,  how  this  was  confirmed 
^■vy  the  phcnomt'tia  of  the  imiKo,  and  by  the  n^sulta 
^^f  opening  the  vess^'ls.     Hu  proved,  also,  that  the 

K circulation  of  the  limgs  is  a  continuation  of  the 
larger  circulation ;  and  thus  the  whole  doctrine  of 
the  double  circulation  was  established. 
I      Harvey's  experiments  had  been  made  in  1616 
ind  1613;  it  is  commonly  said  that  be  ^rst  pro- 
mulgated his  opinion  in  LGId;  but  the  manuscript 
^of  the  lectures,  delivered  by  him  as  leetiirer  to 
le  College  of  Physicians,  is  cstant  in  the  British 
lum,  and,  containing  the  propositions  on  which 
le  doctrine  is  founded,  refers  them  to  April  ICl(i. 
fas  not  till  ie2H  that  be  published,  at  Frankfort, 
EwiTciUUio  Amtt&itiii'iX  de- Molu  Cordis  etSan- 
iniB ;  but  he  there  observes  that  he  had  for  above 
line  years  coufiroied  and  illustrated  his  opinion  in 
lectures,  by  argumentii  grounded  upon  ocular 
Lemonstratlon. 
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SscL  3, — Reception  of  the  Discovery. 

Without  dwelling  long  upon  the  circumstances  of 
the  general  receptiou  of  this  doctrine,  we  may 
observe  that  it  was,  for  the  most  part,  readily  ac- 
cepted by  bis  cotiutrymen,  but  that  abroad  it  had 
to  encounter  cDouidera^ble  opposition.  Although,  as 
we  have  seen,  his  predecessors  had  approached  so 
near  to  the  discovery,  men's  minds  were  by  no 
means  as  yet  prepared  to  receive  it.  Several  phy- 
sicians denied  the  truth  of  the, opinion,  among 
whom  the  most  eminent  was  Riolan,  professor  at 
the  College  de  France.  Other  wTiters,  as  usually 
happens  in  the  caso  of  grt^at  discoveries,  asserted 
that  the  doctrine  uils  ancient,  and  even  that  it  wa& 
known  to  Hippocrates.  Harvey  defended  his  opinion 
with  spirit  and  temper;  yet  he  appears  to  have 
retained  a  lively  recollection  of  the  disagreeable 
nature  of  the  stniggles  in  which  he  was  thus  in- 
Tolvefl.  At  a  later  perio<l  of  his  life»  Ent'\  one  of 
his  admirers,  who  visited  liim,  and  urged  liim  to 
publish  the  researches  on  g^eneration,  on  which  be 
had  long  been  engaged,  gives  this  account  of  the 
manner  in  which  be  received  the  proposal;  "And 
would  you  then  advise  me,  (smilingly  replies  the 
doctor,)  to  quit  the  tranquillity  of  this  haven,  wherein 
1  now  calmly  spend  my  days,  and  again  commit 
myself  to  the  unfaithful  ocean  ?  You  are  not  igno- 
rant how  great  troubles  my  lucubrations^  formerly 

^'  Ef  ifit.  Dcdic.  to  Anatom.  Exereit* 
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piiblifilied,  have  raised.     Better  it  is,  certainly,  at 

some  time^  to  endeavour  to  grow  wise  at  home  in 
privatPj  than  hj  the  hasty  divulgation  of  such  things 
to  the  knowledge  whereof  you  have  attained  with 
vast  labour,  to  stir  up  tempests  that  may  deprive 
you  of  your  leisure  and  quiet  for  the  future." 

His  merits  were,  however,  soon  generally  recog- 
niicd.  He  was"  made  physician  to  James  the  First, 
and  afterwards  to  Charles  the  Fh^t,  and  attended 
that  unfortunate  monarch  in  the  civil  war.  He  had 
the  permission  of  the  |iarliament  to  accompany  the 
king  on  his  leaving  Londoa;  but  this  did  not  pro- 
tect him  from  having  his  house  plundered  in  his 
ahsence,  not  only  of  its  furniture,  hut,  which  ho 
teJt  more,  of  the  records  of  hia  experiments.  In 
1659,  his  brethren  of  the  College  of  Physicians 
placed  a  marble  bust  of  him  In  their  hall,  with  an 
inscription  recording  his  discoveries;  and  two  years 
later,  he  was  nominated  to  the  office  of  president 
of  the  College,  which  however  he  dechned  in  conse- 
quence of  his  age  and  infirmities.  His  doctrine 
soon  acquired  popular  currency;  it  was,  for  Instance, 
taken  by  Descartes"  as  the  basis  of  his  physiology 
in  his  work  0-n  Man  ;  and  Harvey  had  the  pleasure, 
which  is  often  denied  to  discoverers,  of  seeing  hia 
discovery  generally  adopted  during  his  hfetime. 
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Sect.  4. — Be^rin^  <^thv  Durovety  on  the  Proffrm 

ef  Pfiif&ioliiijy^ 

Ix  considering  the  inteUcctual  processes  by  which 
Harve/s  discovenes  were  made,  it  Is  imposablr 
not  to  notices  that  tlm  rei^o^iUion  of  a  rn^ativt!  jmr- 
pose,  which,  as  wc  have  ^aid^  appears  in  all  jiouad 
physiological  reasonings,  prevails  eminently  bcrv. 
"I  remember,"  says  Boyle,  "that  when  I  asked  our 
famous  Harvey  what  wore  the  things  that  mduci'd 
him  to  thiuk  of  a  circulation  of  the  blood,  he 
answered  nn:%  that  when  he  took  notice  that  tJw 
valves  in  the  veins  of  so  many  parts  of  the  bodj 
were  so  placed,  that  they  gave  a  free  |>as8ago  to 
blood  towards  the  hearty  but  opposed  the 
of  the  venal  blood  the  contrary  way;  he  was  hicitoj 
to  imagine  that  so  provident  a  cause  as  Nature  had 
notplacwl  soniauy  valves  withoiit  desigju;  and  no 
design  seemed  more  probiible  thaTi  tbat  the  blood 
should  be  sent  through  the  arteries,  and  return 
through  the  veins,  whose  valves  did  not  oppose  its 
course  that  way  " 

We  may  notice  further,  (hat  this  discovery  im- 
plied the  usual  conditions,  distinct  general  notions, 
careful  obBen  ation  of  many  facts,  and  the  mental 
act  of  bringing  together  these  elements  of  LtuiIl 
Harvey  must  have  possessed  clear  views  of  the  mo- 
tions and  pressures  of  a  fluid  circulating  in  rami^ 
ing  tubes,  to  enable  him  to  see  bow  the  poi^tion  of 
valveSi  tHe  pulsation  of  the  heart,  the  effects  of 
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igatures,  of  bleeding,  and  of  other  circumstani^cs, 
mght  tG  manifest  thtansclvoB  in  order  to  ounlirm 
view\  That  he  referred  to  a  multiplied  and 
iried  experience  tor  the  evidence  that  it  was  so 
coniirined,  we  have  ah'eady  said.  Like  all  tht^  best 
^khilosophers  of  his  time,  he  insists  rigidly  upon  the 
^Keces^ty  of  siteh  experience.  '*In  every  science," 
^He  says^",  "be  it  what  it  will,  a  diligent  obsen-ation 
Pfts  rcftiiisite,  and  &enso  itsolf  must  he  frequently 

(consulted.     We  must  not  rely  upon  other  men's 
experience,  but  our  own,  without  which  no  man  is 
I  proper  disciple  of  any  part  of  natural  knowlwdgo/' 
kknd  by  publishing  bis  experimeuts,  he  trusts,  he 
OddSf  that  he  has  enabled   his  reader  ^Ho  he  an 
equitable  umpire  between  Aristotle  and  Galen;"  or 
rather,  he  might  have  said,  to  see  how,  in  the  pro- 
IDotion  of  science,  sense  and  reasou,  observation  and 
^kvention,  have  a  mutual  need  of  each  other, 
^P     We  may  observe  further,  that  though  Harvey's 
^^loTj',  in  the  case  now  before  us,  rested  upon  his 
having  proved  the  rcrtlity  of  certain  mechanical 
.movements  and  actions  in  the  blood,  this  discovery, 
^pjid  all  other  physiological  truths,  necessarily  ia<- 
volved  the   assumption   of  some  peculiar  agency 
donging  to  living  things,  different  both  from  me- 
lanical  agency,  and  from  chemical;  and  in  short, 
>mething  tital,  aud  not  physical  merely.  For  when 
was  seen  that  tlte  pulsation  of  the  heart,  ita 

"  GeneratWH  ofAniirtali,  PioF. 
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spslaie  and  diaMoI^,  caused  the  circulatioa  of  tie 
blood,  it  might  still  be  asked,  what  force  caused 
this  constantly -recurring  contraclioo  and  expaa- 
sion.  And  again,  circulatLon  is  closely  connected 
with  respiration;  tho  blood  is^  by  the  circulation, 
earric<l  to  the  lungs,  and  la  there,  according  to  the 
expression  of  Columbus  and  Harvey,  mixed  with 
air.  But  by  what  mechanism  does  this  mi,<(ture 
take  place^  and  what  is  the  real  nature  of  it  ?  And 
whea  succeeding  researches  had  enabled  physiolo* 
gists  to  give  an  answer  to  this  question,  as  far  as 
chemical  relations  go,  and  to  say  that  the  change 
consists  in  the  abstraction  of  tho  carbon  from  the 
blood  by  means  of  the  oxygen  of  the  atmosphere; 
they  were  still  only  led  to  ask  further,  how  this 
chemical  change  was  effected,  and  how  such  a 
change  of  the  blood  fitted  it  for  its  uses.  Every 
function  of  which  we  explain  the  course,  the  me- 
chanism, or  the  chemistry,  is  connected  with  other 
functions, — is  subj^cr^^icnt  to  them,  and  they  to  it; 
and  all  together  are  parts  of  the  general  vital  sys- 
tem of  the  animal,  ministeriog  to  its  life,  but 
deriving  their  activity  from  the  life.  Life  is  not  a 
collection  of  forces,  or  polarities,  or  affinities,  such 
as  any  of  the  phygieal  or  chemical  sciences  contem- 
plate; it  has  powers  of  its  own,  which  often  super- 
sede those  subordinate  relations;  and  in  the  cases 
where  men  have  traced  such  agents  in  the  animal 
frame,  they  have  always  seen,  and  usually  acknow- 
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pdgei  that  thpse  agents  were  mmisterlal  to  higher 
agency,  luorL^  difficult  to  trace  than  these,  but  more 

ry  the  cause  of  the  phenomena. 
The  discovery  of  the  mechanical  and  chemical 
conditioDG  of  the  vital  functions,  as  a  step  in  phy^ 

I  fljology.  may  be  compared  to  the  discovery  of  the 
laws  of  phenomena  in  the  heavens  by  Kepler  and 
his  predecessors,  while  the  discovery  of  the  force 
hy  which  they  were  produced  wa«  still  reserved 
in  mystery  for  Nc^vtoii  to  bring  to  light.  The  sub- 
crdinate  relation  of  the  facta,  their  dependopce  on 
space  and  time,  their  reduction  to  order  and  cycle, 
had  been  fully  performed;  but  the  reference  of 
them  to  distinct  ideas  of  causation,  their  interpreta- 
tion a£  the  results  of  mechanical  force,  was  omitted 

^  €r  attempted  in  vain.  The  very  notion  of  such 
fotCGt  and  of  the  manner  in  which  motions  werd 

ft^etermJDed  by  it,  was  in  the  highest  degree  vague 
and  vacillating;  and  a  century  was  requisite,  as  we 
have  seen,  to  give  to  the  notion  that  clearness  and 

^fixity  which  made  the  mechanics  of  the  heavens  a, 

^Pfwssihle  science.  In  like  mannert  the  notion  oFlifej 
and  of  vital  Forces,  is  still  too  obscure  to  be  steadily 

J  held.  We  cannot  connect  it  distinctly  with  severe 
inductions  from  facts,  Wg  can  trace  the  motions  of 
the  animal  fluids,  as  K(*plcr  traced  the  motions  of 
the  planets;  but  when  wc  seek  to  render  a  reason 
for  these  motions,  like  him  we  recur  to  terms  of  a 
ide  and  profound,  but  mysterious  import;  to  vir- 
tues, influences,  undefincil  powers.    Vet  we  are  not. 
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on  this  account,  to  despair.     The  very  instance  lo 
which  1  am  referring  sliows  us  how  rich  is  the  jiro- 
mise  of  the  futare-     Why,  eaj's  Cuvier",  may  not 
natural  history  one  day  have  its  Newton  ?    The  idei 
of  the  vital  forces  may  ^ailualiy  become  so  cleai 
and  definite  as  to  be  available  in  science;  aad 
future  generations  may  include,  in  their  physiology, 
propositions  elevated  as  far  above  the  circulation  of 
the  blooi-i,  as  the  doctrine  of  universal  gravitation 
goes  beyond  the  explanation  of  the  heavenly  motions 
by  epicycles. 

If,  by  what  has  been  said.  I  have  exempltfiei] 
sufficiently  the  nature  of  those  steps  in  phywologj, 
which,  like  the  discovery  of  the  circulation,  give  an 
explanation  of  the  process  of  some  of  the  animal 
functions,  it  is  not  necessary  for  mo  to  dweU  lon^f 
on  the  subject;  for  lo  write  a  history,  or  eve^^| 
sketch  of  the  history  of  physiology,  would  soft 
neither  my  powers  nor  my  purpose.  Some  further 
analysis  of  the  general  views  which  have  been  pro- 
mulgated by  the  most  eminent  physiologists^  may 
perhaps  be  attempted  in  treating  of  the  Philosophy 
of  Inductive  Science;  but  the  estimation  of  the 
value  of  recent  speculations  and  investigations  must 
be  lefl  to  those  who  have  made  this  vast  subject 
the  study  of  their  lives.  A  few  brief  notices  may, 
however,  be  here  introduced, 

"  Ojjm.  Fou.  Tntmd. 
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CHAPTER  IIL 


Dtbcoveht  op  the  Morrox  of  the  Chtlk.  and 

CONSEQUENT  SPECULATIONS, 


JSfcf.  I- — T/t€  IHscorej'jf  qfthe  Motion  oftht  Chph, 

IT  mar  have  been  observed  in  tlie  previous  course 
of  this  Hiatorj  or  the  Seieuepfl,  that  the  diaeo- 
Terips  h\  eaoh  science  have  a  ])eculiar  physiognomy: 
something  of  a  common  type  maj  be  traced  in  the 
progress  of  each  of  the  theories  belonging:  to  the 
Ramc  department  of  knowledge.  Wc  may  notice 
something  oF  this  coirunon  form  in  the  various 
branches  of  physiological  speculation.  In  most,  or 
all  of  them,  Ave  have,  as  we  have  noticed  tlie  case 
to  be  with  respect  to  the  circniatron  of  the  blood, 
clear  and  certain  discoveries  of  mechanical  and 
chemical  processes,  succeeded  by  speculations  far 
more  obscure,  doubtful,  and  vague,  respecting  the 
relation  of  these  changes  to  the  laws  of  life.  This 
feature  in  Ihc  history  of  physiology  may  be  further 
instanced,  (it  shall  be  done  very  briefly,}  in  one  or 
two  other  cases  And  we  may  observe,  that  the 
lesson  which  we  are  to  collect  from  this  narrative, 
is  by  no  means  that  we  are  to  confine  ourselves  to 
the  positive  discovery,  and  reject  all  the  less  clear 
and  certain  speculations.     Tu  do  this,  would  be  to 
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lose  most  of  the  chances  of  ultenor  progress;  for 
though  it  may  be,  that  our  concpptions  of  the 
nature  of  org;anic  life  are  not  yet  sufficiently  precise 
and  steady  lo  become  the  guides  to  positive  induc- 
tive truths,  tho  only  way  in  whioh  these  peculiar 
physiological  ideas  can  be  matJo  more  distinct  and 
precise,  and  thus  brought  more  nearly  into  a  scien- 
tific form,  is  by  this  struggle  with  our  ignorance  or 
imperfect  knowledge.  This  is  llie  lesson  we  have 
learnt  irom  the  history  of  physical  astronomy  and 
other  sciences-  We  must  strive  to  refer  facts  whicb 
are  known  and  understood,  to  higher  principles,  oT 
which  we  cannot  doubt  the  existence,  and  of  which, 
in  some  dogre(-\  we  caji  see  tlie  place ;  liowever  Jini 
and  shadowy  may  be  the  glimpses  we  have  hitherto 
been  able  to  obtain  of  their  forms.  We  may  often 
Mi  in  such  attempts,  but  without  the  attempt  ve 
can  never  succeed,  - 

That  the  food  is  received  into  the  stomach,  there 
undergoor^  a  change  of  its  consistence*  and  is  then 
propL'lled  atong  the  intestines,  arc  obvious  facts  in 
the  animal  economy.  But  a  discovery  made  in 
the  course  of  the  seventeenth  century  brought  into 
clearer  light  the  sequel  of  this  series  of  processes, 
find  its  connexion  with  other  functions.  In  the  year 
1622,  Asellius  or  Asclli'  discovered  cerlam  iiilnute 
vessels,  termed  hcteals.  which  absorb  a  white  liquid 
(the  chple)  from  the  bowels,  and  pour  it  into  the 
blood.     These  vessels  had,  in  fact,  been  discovered 

'  Mayo.  Pk^sioto^^,  p.  156. 
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Eristratiis.  in  ihi'  aiiciont  world-,  in  tlio  time  of 
Ptolemy;  but  Asi'Ili  was  the  first  modem  who  at- 
tended to  them.  lie  described  them  in  a  treatise^ 
entitled  De   Venis  Lactds,  mm  flg^uru  degatith- 

i»,  printed  at  Milan  in  1627,  the  year  after  tlie 
death  of  thr  author.  This  work  is  reniarkablu  as 
the  first  which  exhibits  coloured  anatomical  figures; 
the  arteries  and  the  veins  are  represented  in  red, 

Itbe  lacteals  in  black. 
f     Eustachius^  at  an  earlier  pcrio'l,  had  described 
Rd  the  horse)  the  thora<!Jc  duct  by  which  the  chyle 
■  poured  into  the  subclavian  vein,  od  the  ri^ht  side 
of  the  neck.     But  this  description  did  not  excite  bo 
much  Motire  as  to  prevent  its  l>o]ng  for^tten,  and 
rediscovered  in  1650.  atter  the  knowledge  of  the 
circulation  of  the  blood  had  ^iven  more  importance 
to  such  a  discovery.     Tip  to  thi^  time*,  it  had  been 
supposed  that  the  lacteals  carried  the  chyk  to  the 
r,  and  that  the  blood  wa"*  manufactured  there. 
IS  opinion  had  prevailed  In  all  the  works  of  the 
eients  and  moilernK ;  ilfi  lalslty  was  discovered  by 
quet,  a  French  physician,  and  published  in  16ol, 
in  his  Neit  Anatomicul  ETp^imeitts ;  in  which  are 
ovored  a  receptacle  of  the  chyle,  unknown  till 
eut  aud  the  vessel  which  conveys  it  to  the  subcla- 
an  vein.     Pecipjct  bimselK  and  other  anatomists, 
soon  connected   this  discovery  with  the  doctrine. 
then  recently  promulgated,  of  the  circulation  of  the 
blood.     In  IOGi\  those  vesflcls.  and  the  Iffmpf/otirs 
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whicli  n.ri*  conTiL0U?il  wltli  thcni,  were  further  Ulii>- 
iraleU  b>  Kuywh  in  his  t'xhiljitiftii  of  ihiAr  Td»» 
{OUimdiHio  r^tlmdnntm   in  *««>  fymphatuu  rf 


M*- 


5wr^>  S.'-rA^  Cmu&quejit  SiKaJntifm*,    Hit] 

Tuus  it  was  shown  that  aliments  taken  into  Ihc 
stom^cli  HYQ^  h}'  its  acticn«  made  to  j>rL7duce  ti^/w6: 
from  thr  cliymo.  ^aduallj'  cliangod  in  its  progTDSi 
through  the  intestines,  eJir/le  \s  absorbed  hy  the 
lacteaU;  and  this,  poured  Into  the  blood  bj  llu 
thoracic  duct,  repairs  the  u^aste  aud  nourbkce  Uu 
growth  of  the  ammaL  But  hy  what  powers  isthfi 
Ibod  min\e  to  undergo  these  tratisformations  ?  Can 
we  explain  them  on  mechanical  or  oii  cheaual 
principles?  Here  we  come  to  a  part  of  physiotoKj 
less  certain  than  the  discovery  of  vessels,  or  of  ihr 
motion  of  fliiidK.  We  have  a  number  of  opimon^ 
on  the  subject,  but  no  universally  acknowledged 
truth.  We  have  a  collection  of  Iff^jx^t/ie^jn  ^  l)i-\ 
^e^titm  and  NriirkittN^ 

I  shall  confine  myself  to  the  former  clua;  isdl 
without  dwelling  long  upon  these,  i  shalJ  mentioi 
some  of  them.     The  philosophers  of  the  Acailonjrj 
ilel  Chnenio,  and  several  other^^.  having  expenin«Rl 
on  the  stomach  of  galiiiiannous  birds,  ami  ol 
th<:'   ustonishiiL^  force  with    which    it   breaks 
grinrjs  subi^tancv^ik  were  [e<l  to  consider  the  dlf;«^lii 
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which  taken  (>la<;e  in  the  stomach  as  a  kind  of  tri- 
tunttwn^.     Other  writers  thought  it  was  more  pro- 
perly descriljijii  ^/fnaentatimi:  others  again  spoke 
I  of  it  as  a  pifii'p/actkm,     Varignon  ^vo  a  nioroly 
bhysicat  a/Toiint  of  the  first  part  of  the  process, 
Maintaining  tliat  the  division  of  the  aliments  was 
tbe  effect  of  the  diseng^ement  of  the  air  intro- 
duced into  the  stomach,  and  dilated  by  the  heat  of 
tie  body.     The  opinion  that  digestion  is  a  solution 
f  the  food  by  the   gastric  juice  has  been  more 
stensively  entertained. 
Spallanzani  and  others  made  many  experiments 
n  this  subject.     Yet  it  is  denied  by  the  best  phy- 
siologists, that  the  changes  of  digestion  can  t»e  ade- 
quately represented  as  chemical  changes  only.    The 
^nerves  of  the  s-toma<Oi  (tliR  jme/i-z/w-ffiiJ^trir)  are  said 
^^o  be  essential  to  digetitiou.       Dr.    Wilson  Philip 
has  asserted  that  the  Influence  of  tliese   nerves, 
when  they  are  destroyed,  may  be  replaced  by  a  gal- 
^Branie  current.     This  might  give  risQ  to  a  supposi- 
^^ion  that  digestion  depends  on  galvanism-     Vet  we 
I    cannot  doubt  that  all  these  hypotheses, — mechani- 
^pal,   physical,   chemical,   galvanic — are    altogether 
insuflieient  "  The  stomach  must  have,"  as  Dr.  Prout 
^bays^  'Hhe  p>wer  of  organizing  and  vitalizing  the 
^different  elementary  substances.     It  is  impossible  to 
laginc  that  this  oiT^anizing  agency  of  the  stomach 
be  chemical.     This  agency  i}^  rikii,  and  its  na- 
completely  unknown"  [t). 

Bnufdtin.  Pki/tioi  Comp^  p-  fil4.        '  hridgtwater  Tr.  p.  493 
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EiiAMINATION   OF  TUi:   FrOI"E!«   OF    RUPRODPCrlOJ* 

IN  Animals  aku  Pi^nts  ani>  coNpRgrj-a^T  Spe- 
culations. 


Sect.  I — The  Krat/mtation  qf  t/t«  Pr/tetVf  t^ 
Reproduction  in  Animah. 

IT  would  Dot,  pL^rhaps,  be  necessary  to  give  anT. 
mnre  esamfilos  of  what  has  liithcrto  1m»oti  tiw 

gv?ncral  process  of  investigations  on  each  liranHi  of 
phj'sicJogy :  or  to  illustrate  further  the  eoiubinji- 
tion  which  such  researches  present,  of  certain  witli 
unccrtahi  knowK-il^'t*; — of  si^lid  discoveries  of  organs 
ami  processes,  sucecedeil  by  irJefiuite  and  doubtful 
speculations  concerning  vita!  forces.  But  the  w- 
production  of  organized  beings  is  not  only  u  suVijeci 
of  so  much  interest  as  to  require  sonu-  tiotico.  but 
also  offers  to  ufi  laws  and  prinr-jples  which  incluftp 
both  the  vegetable  and  tbe  animal  kinj^lom;  ami 
which,  therefore,  are  requisite  to  render  iiit<>lli;^lt!p 
the  mo^t  general  views  to  which  we  can  attain^ 
respecting  the  world  of  organization- 

The  fat'ts  and  laws  of  reproduction  wt-re  firtt 
studied  in  detail  in  animab.  The  subject  ap|j«ar» 
to  have  attracted  the  attention  of  somr  of  llie  phU 
losophers  of  !inti(juitj'  In  an  extra urdirtnr^  dt^rve; 
ftiul  indeed  we  may  easily  imagine  ihnl  thoy  bqifti 
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Syfollowiiig  this  path*  if  anj*  to  solve  the  mystery 

creation.     Aristrith^  apjiears  to  have  pursued  it 

■ith  peculiar  eomplacencj' ;  and  his  great  work  On 

Animals  contains'  an  eictrannlinary  collection  of 

curious  observations  relative  to  tliis  subject.     He 

had  loamt  the  modes  of  reproduction  of  most  of 

K|hc   animals  with  which  he  was  acquainted;  and 

^Hus  work  is  still,  as  a  writer  of  our  own  times  ha,s 

^Taid\  "ori^nal  after  30  many  copies,  and  joung 

■r  two  thousand  years."     His   observations  re- 

jrred  principally  to  the  external  circumstances  of 

meration :  the  anatomical  examination  was  left  to 

IS  successors.     Without  dwelling  on  the  intermo- 

diate  labours,  we  come  to  modem  times,  and  find 

that  this  cxani illation  owea  its  greatest  advance  to 

those  who  had  the  greatest  share  in  the  diiicovery 

of  the  circulation  of  the  blood; — Fabriciusof  Acqua- 

indente,  and  Harvey.     The  former^  published  a 

duable  work  on  the  Egg  and  the  Chick.     In  this 

given,  for  the  first  time,  figures  representing  the 

^velopement  of  the  chick,  from  its  almost  imper- 

iptiblc  be^pnning,  to  the  moment  when  it  breaks 

le   sheJL     Harvey  pursued  the  researches  of  his 

iher.     Charles*  the  First  had  supplied  him  with 

le  means  of  making  the  exjieriments  which  his 

'purpose  required,   by   sacrificing  a  great   number 

»f  the  deer  in  Windsor  Park  in  the  state  of  ^s- 

ition :    hut    his   principal    researches   were  those 

'  nouMnn,  p,  Irtl.  •  lb.  p.  101. 

*  Cuv.  H'uL  .9c.  S'fU,  p.  \e.  '  lb.  p.  53- 
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rcepectiog  tl^e  egg,  in  which  he  foltowcrd  out  the 
viEiwfi  of  Fiibricius.  In  the  trouliks  whit-Ji  suc- 
ceeded the  death  of  the  nnfortunnte  Chaxles*  ihe 
house  of  Harvey  was  pillage<l;  and  he  lost  the  wholt 
uf  thu  lal^ours  he  had  hestowi-d  on  the  generation 
of  insects.  His  work,  B^verdUitwnvs  de  Geirrrrt* 
iione  Animfdiufa^  was  published  at  London  in  IflSl: 
it  b  more  detailed  ajid  pcrl'ect  than  that  of  Fabn- 
Giufij  but  the  author  was  [ireveuted  b;  the:  im- 
sottled  condition  of  the  coutTtry  from  getting  figures 
engraved  to  aecompany  his  deseriptiona. 

Many  succeeding  anatoiuiats  pursued  the  exanu* 
nation  of  the  mn^^  of  char»^ei^  iu  ^^eueratioii.  and  ul 
the  organs  whirh  are  contremcd  in  thenu  espc'cinJIv 
Malpighu    who   emjiloyed  the   microscope   in    tliis 
inveatigation*  and  whose  work  on  the  Chick  was 
published  in  Iti73.     It  \&  impossible  to  ^ivih  her« 
any  general  view  of  the  result  of  these  lalu^rioufi 
serieE  of  researches:  but  we  may  observe,  that  theif 
led  lo  an  exlrctuely  minute  and  exact  survey  of  all 
the  part8  of  the  fcetus.  its  envelopes  and  appen- 
dagns,  aTid.  nf  course,  to  a  designation  of  these  lit 
appropriate  name^.    The.^  names  afterward>;  ^^rved 
to  mark  the  attempts  which  were  made  to  carry  thf 
analogy  of  animal  generation    into  the  vegetahlv^ 
kingdom- 
There   is   one   gencrali/atioii   of   Harvey   Vrhkfti; 
deserves  notice".     He  w:is  led  bv  his  refwwrehes  tOi 
the  conclusion,  that  all  living  things  uuiy  he  piYvj 
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crly  said  to  come  from  eggs:    "Omne  vivum  ex 

vo.'*     Tiiua  not  only  do  ovipjtrous  animals  pro- 

uce  by  means  of  eggs,  but  in  those   which   are 

iriparous,   the  process  of  generation  hegins  with 

e  dovelofiement  of  a^  small  vesicle,  which  comes 

m  die  ovary,  and  which  exists  before  the  embryo: 

nd    thus   viviparous   or  suckUng-boasts,    notwith- 

ding  their  name,  are  born  from  eggs,  as  well 

birds,  fishes,  and  reptiles'.     This  principb  also 

CJEcludes  that   supjio^ed    production   of  organized 

beings  without  parents  (of  worms  in  corrupted  mal- 

tBT,  for  instance,)  which  was  formerly  called  spon- 

Utneom  fjeiwvntio}} ;  and  the  bctit  physiologists  of 

modern  times  agrue  in  denying  the  reality  of  such 

mode  of  generation ^ 


^, 


Sect.  2.^Tfuf  H^Far/iimnion  f^  the  Process  (^ 
Reproduction  in    Vegetables. 

Xqe  extension  of  the  analogies  of  animal  genera- 
tion to  the  vegetable  world  was  tar  from  obvious, 
I  This  extenftioii  was  however  made; — with  reference 
lo  the  embryo  plant,  principally  by  the  microscopic 
pbservers,  Nehomiah  Grew,  Marccllo  Malpighi.  and 
Antony  Leeuwenhoek  ; — with  respect  to  the  exist- 
ice  of  the  seses,  by  LinnrLUs  and  his  predecessors. 
The  microscopic  lahourw  of  Grew  and  Malpighi 
rcre  patronized  by  the  Royal  Society  of  London  in 
E^Barliest  youth.  Grew's  book,  T/iir  Amiiumif  (}f 
■  Bonidun,  p.  m.  '  lb.  fi.  40, 
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Plaiits.  Has  ordtTred  io  bt*  printtn]  in  1074*  I: 
coutains  plates  repn-scnting  cxtriineJy  well  the 
process  of  germlnatton  in  various  seeds,  amJ  llr 
autbor'e  obscrvatioos  exhibit  a  very  cli?ar  couce^ 
tion  uf  the  ri'IatiuD  ami  aiiaJogios  of  diflbront  |Tfir- 
tioiis  of  the  seed.  On  the  day  on  which  lUe  co^kV 
of  this  work  was  laid  before  the  Society,  a  com* 
muDicatioE  &om  Malpighi  of  Bologna,  Atiatotms 
Pliintisrum  Idea,  stated  his  reacarchcs,  itnd  promised 
ligiires  whicli  should  illuAlmtc  thein.  Both  authors 
afterwards  went  on  with  a  long  traiu  of  v&luablc 
observations  which  they  published  at  various  times, 
and  whlcli  contain  niudi  tliat  hafl  siuee  become  a 
jK^nnaaent  portion  of  the  scionce. 

Both  Grew  and  Malpighi  were,  as  we  have  re- 
marked, led  to  apply  to  vegetable  generation  many 
terms  which  imjJy  an  analogy  with  the  geiicnttiiJii 
of  animals.  Thus,  Grew  terras  the  mnermo^  cojit 
of  the  SL'cU,  the  st^unditte :  speaks  of  the  nrinrf- 
JUrrtut,  &LL\  Many  moru  such  temis  have  buen  added 
by  other  writers-  Aud«  as  ha8  beoD  observed  by  & 
modern  physiolo^st',  the  ri'semb lance  is  striking. 
Both  in  the  vegetahte  seed  and  in  the  fcrdllj-t^i 
aniTnjil  egg,  we  have  an  tmthrpo,  chalazcr.  a  pfa- 
ct^niii,  an  umbilicifl  ronl,  a  t-katriaiUi,  an  amnim, 
wcmhrtinn,  tmurinhhuj  ws^I^.  The  cotff(t<Urr>Ji  q^ 
the  seed  are  the  ci]iuvalent  of  the  riUUas  of  hifds» 
or  of  the  umf'lHrtil  ersHe  of  suekliiig-heajit*:  tbo 
nlfutitwii  or  pKvittfm'fti  of  the  gralii  is  analuguu&  to 
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le  white  of  tli^  €gg  f^  birds,  or  the  afiantoid  of 
oviparous  animals. 

S&res  o/  Plantf!. — The  attribution  of  eexos  lo 

phmta^  is  a  notion  which  w^s  very  early  adopted; 

Hbut  only  gradually  unfolded  into  distinctness  and 

^peuerality^.    The  ancients  were  ac<|uaiQted  with  the 

^fecundation  of  ve^tables,     Empedocles,  Aristotle, 

TheophraAtuB,  Pliny,  jind  some  of  the  poets,   make 

^nientiim  of  it:  but  their  notions  were  very  incom- 

^Blete,  and  the  conception   was  ag^n  lost  in  the 

HgoQeral  shipwreck  of  human  knowledge^     A  Latin 

pueni,  composed  in  the  fifteenth  century  by  Joviaiius 

Pontanus,    the    preceptor    of  Alphonso,    King  of 

U  Naples,  is  the  first  modem  w^ork  in  which  mention 

Hie  made  of  the  sex  of  plants.     Pontanus  sings  the 

^Bdvgs  of  two  date-palms,  which  grew  at  the  distance 

^■if  fifteen  leagues  from  each  other:  the  male  at 

Brundiisium,  the  female  at  Otranto.     The  distance 

^■iitl  not  prevent  the  female  from  becoming  fruitful, 

^■6  soon  as  the  paliiiH  had  raised  their  heads  iLbovc 

P^hc  surrounding  trees,  so  that  nothing  intervened 

directly  between  thern^  or,  to  speak  with  the  poet» 

that  they  were  able  to  see  each  other. 

ZaUi/ian,  a  botanist  who  lived  at  the  end  of  tho 

ifloenth  century,  says  that  the  greater  part  of  the 

ieeies  of  plants  are  aiidniz/r/ncit^  that  is,  have  the 

jroperties  of  the  male  and  of  the  female  united  iu 

Le  same  plant;  but  that  some  species  have  the 

ro  sexes  in  separate  individuals;  and  he  adduces 

"  Mirbcl,  El.  n  SOT. 
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a  passr^e  of  Fliiiy  ivUtive  to  the  fecutKlation  of  tlic 
date-palm,  John  Bauhin.  in  the  middle  of  the 
seventeenth  century*  cites  the  expressions  of  Zalu- 
zlau;  and  forty  years  later,  a  professor  of  Tubingen, 
Rudolph  Jacob  Camorarius,  pointed  out  clearly  the 
organs  of  generation,  and  proved  by  experimente 
on  the  mulberr}'*  on  maize,  and  on  the  plant  called 
mercury  {mercai-urlisX  that  when  by  any  mean^  the 
aotion  of  the  stamina  upon  the  pistils  is  intereeptiHl, 
the  seeds  are  barren,  Caraerarius,  therefore,  a 
philosopher  In  other  respects  of  little  noto,  ha^  the 
honour  aesJ^ed  him  uf  being  the  author  of  the 
discovery  of  the  sexes  of  plants  in  modern  times'". 

The  merit  of  this  discovery  ftill,  perhaps,  appear 
more  considerable  when  it  is  recollected  that  it 
was  rejected  at  first  by  very  eminent  botanists.  Thus 
Toumofort,  misled  by  insufficient  experiments*  main- 
tained that  the  stamina  are  excretory  organs;  and 
Reaumur,  at  the  beginning  of  the  eighteenth  cen- 
tury, inclined  to  the  same  doctrine.  Upon  this, 
Geoflroy,  an  a|jolliecary  at  Paris,  scrutiiitzed  airesh 
the  sexual  organs ;  he  examined  the  various  forms 
of  the  pollen,  alreaxly  observed  by  Grew  ami  Mal- 
pighi;  he  pointed  out  the  excretory  canal,  which 
descends  thrtmgh  the  style,  and  the  TiiuTtjjfifle,  or 
minute  oriHce  in  the  coats  of  the  ovule,  which  Is 
opposite  to  the  extremity  of  this  canal;  though 
he  conmiittcHl  some  mistakes  with  rt+gard  to  the 
nature  of  the  pollen.  Soon  afterwards,  Sehastiait 
"  MirM.  \l  KW. 
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^tilfant,  the  jmpil  of  Tounic'fort,  hut  the  uoprectcr 
of  his  crrour  f>n  this  subject,  cxplaintHl  in  his  public 
iecturcE  tho  phenomenon  of  the  focundatioD  of 
plants,  describGd  the  explosion  of  the  anthers,  and 
showed  that  the  Jlorvttf  of  composite  flowers,  though 
formed  on  the  type  of  an  tindrf)ffi/noitn  flower,  are 

Emetinies  male,  sometimes  female,  and  sometimes 
iuter. 
But  though  tho  Boxes  of  plants  had  thus  been 
rticod,  the  .suhject  drew  far  niore  attention  when 
nnipus  made  the  sexual  parts  the  basis  of  his  cLas- 
siflcatioTL     Canierarius  and   Burkard  had  already 

Etertai[ie(I  ^nch  a  thought,  hut  it  was  Linna'ua  who 
rrit^  it  into  elfeet,  suid  thus  uiade  the  notion  of 
e  sexes  of  vcgetabtes  almost  as  iamiliar  to  us  as 
E'*--t  of  the  sexes  of  animals. 
d.  3. — T^G  Cmtsequtuf  Sjna'ulutiott^. — Hypo- 
rMt'st'a  of  Oimt^ration. 
E  viewtt  of  the  processes  of  generation,  and  of 
their  analogies  throughout  the  whole  of  the  organic 
world,  which  were  thus  cstahlislied  and  diffused, 
nn  an  important  and  substantial  part  of  ourphj'- 
iotogical  knowledge.  That  a  number  of  curious 
but  doubtful  hyjfotbeses  should  be  put  forwards, 
Jbr  the  purpose  of  ^ving  further  significance  and 
connexion  to  these  discoveries,  was  to  be  expected. 
Wp  must  roJttf^nt  ourselves  with  speaking  of  these 
Ypry    briefly,     Wi^    have    snch    hypotheses   in   the 
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earliest  anttquitj'  of  Greece;  for  as  we  have  al' 
ready  said,  the  speculations  of  cosmogony  were  tin* 
source  of  the  Greek  philosojihj' ;  and  the  laws  <rf 
generation  appeared  to  offer  the  best  promise  of 
knowledge  respecting  the  mjstery  of  ereatioD,  Hip- 
pocrates explained  the  production  of  a  now  animal 
by  the  mirture  of  sfed  of  the  parentf^  j  aud  the  off- 
spring was  Eiale  or  female  as  th(^  seminal  principle 
of  the  lather  or  of  the  mother  was  the  racre  power- 
ful. Aecordln):^  to  Aristotle,  the  mother  supplied 
the  matter,  juid  tho  father  the  Jbrm.  Harvefs 
doctrine  was,  that  the  ovary  of  the  female  is  ferti- 
lized by  a  semimd  rouUt^ion  produced  by  the  seed 
of  the  male.  But  an  ofJtnion  which  obtained  ^ 
more  general  reception  was,  that  the  mihr^o  pr^- 
eadst'cd  in  the  mother,  before  any  union  of  the 
sexes'".  It  is  easy  to  see  that  this  doctrine  Is 
accompaaied  with  great  difficulties";  for  if  the 
mother,  at  the  beginning  of  life,  contain  in  her  the 
embryos  of  all  her  future  children ;  these  embTyos 
again  must  contain  the  children  which  they  are 
capable  of  producing;  and  so  on  lEdefinitely :  and 
thus  each  female  of  each  species  contains  in  herKelf 
the  germs  of  infinite  future  generations.  The  per- 
plexity which  is  involved  in  this  notiou  of  an  end* 
less  series  of  creatures,  thus  encased  one  within  the 
other,  has  naturally  driven  intiuirersto  attempt  otlu^r 
suppositions.  The  microscopic  researehcs  of  I^en- 
wcnhoek  and  others  h-d  tht-m  to  the  belief  that  there 

■^  Bnurdon,  p.ao^.  "  P*.  p,  309- 
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certain  ftnima1pii?Pfl  roiitnJnod  iri  tfip  see?d  of 
tht'  malt\  which  are  the  main  agents  in  the  work 
of  reproduction.  This  system  ascribes  almost  every- 
thing to  the  male,  as  tbe  one  last  mentioned  does 
thv    female.     Finally,    we  have  the  system  of 
uftbn;— the  famous  hypothesis  of  i^rgamc  moi^ 

Eies.  That  philosopher  asserted  that  he  found, 
■  the  aid  of  tlic  microscope,  all  nature  fiiU  of 
oving  glol>u]es.  which  he  conccivevi  to  he,  rot 
auimalsas  Leeuweohoek  imagined,  but  bodies  capa- 
^■le  of  producing,  by  their  combination,  either 
^Hnimals  or  ve^tables,  in  shortfall  organizfnl  bodies, 
^Bli&Hc  globules  he  called  orrfanic  molecuUs^^  And 
^%we  Inquire  how  these  organic  molecules,  proceed- 
ing from  all  parts  of  the  two  parents,  unite  into 
IX  whole,  as  jterfcct  as  either  of  the  progenitors, 
^  Bufton  answers,  that  this  is  the  effect  of  an  interior 
^tmauld:  that  is,  of  a  system  of  internal  laws  and 
^^ndeneics  whirh  detemune  the  form  of  tho  result 
an  extcnml  mould  determinea  the  fiha|>e  of  the 


Au  admirer  of  Buffbiu  who  has  well  shown  the 

intenablc  character  of  this  system,  has  urged,  as  a 

Lind  of  apology  for  the  promulgation  of  the  hypo- 

iGsis",  that  at  the  period  when  its  author  wrot^, 

le  could  not  present  his  facts  with  any  hope  of 

'ing  attended  to,  if  he  did  /jot  eonncct  tlic-m  by 

»me  common  tic,  some  dominant  idea  which  might 

gratify   the    mind;    and    that,    acting    under    this 

'"  B-ranlM,  p-"2in.  '*  Ih.p.SSl. 
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oecessitj',  lit>  did  well  to  substitute  fur  the  e'xtsm 
thooncs,  Etlrciid^v  suporo^nnuatipd  Eind  coutl^ssedly  im- 
perfect, conjectures  more  original  and  more  pro- 
bable. Without  dissentbg  &oia  this  view,  we  ma; 
observe,  that  Duffon's  theory,  like  those  which 
preceded  it,  jb  excusable,  and  even  desor^-ing  of 
admiration,  bo  far  as  it  groups  the  facts  consis- 
tently ;  because  in  doing  this,  it  exhibits  the  nece*- 
Eit>,  which  the  physiological  speculator  ought  to  leel, 
of  aspiring  to  definite  and  solid  general  principles: 
and  that  thus,  though  the  theory  may  not  be  esta- 
blished as  true,  it  may  be  useful  by  bringing  into 
view  the  real  nature  and  applicatiou  of"  Eueh  prin- 
ciples. 

It  irt.  therefore,  according  to  our  views,  unphilo 
sophical  to  derive  despair,  instead  of  hope,  from  the 
imperfect  success  of  Buflbn  and  his  predecessors. 
Yet  this  is  what  is  done  by  the  writer  to  whom 
we  refer.  '*  For  me,"  says  he'\  *'  1  avow  that,  after 
having  long  meditated  on  the  system  of  Buffon, — 
a  system  so  remarkable,  so  ingenious,  so  well 
matured,  so  wonderfully  connected  in  all  its  parts, 
at  first  sight  so  probable; — I  confess  that,  after 
this  long  study,  and  the  researches  which  it  re- 
quires, 1  have  conceived  in  consequence,  a  dktrust 
of  myself  a  skepticism,  a  disdain  of  hypotheliea! 
systems,  a  decided  predilection  and  exclusive  taste 
for  pure  and  rational  observatioi]^  in  short,  a  dis- 
heartening, which  I  had  never  felt  before." 
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best  remedy  of  such  feelirigs  is  to  be  found 
history  of  science-  Kepler,  wheu  he  bad 
[pfiCTi  drivou  to  reject  the  solid  epicycles  of  tJie 
ancients,  or  a  pi^rson  who  had  adTidred  Kepler  as 
M,  Bourdon  admires  Buffoo,  but  who  saw  that  his 
ma^etic  virtue  was  an  untenable  fiction,  might, 
the  same  manner,  have  thrown  uji  all  hope  of  a 
mnd  thei}ry  of  th*'  causos  of  the  celestial  motions, 
tut  astronomers  were  too  wige  and  too  fortunate 
yield  to  such  despoadency.  The  predecessors  of 
Tewton  substituted  a  solid  science  of  mechanics  for 
le  vague  notions  of  Kepler;  and  the  time  aoon 
ime  when  Newton  himself  reduced  the  motions  of 
'the  heavens  to  a  law  as  distinctly  conceived  as  the 
i  had  been  before. 
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CHAPTER  V. 


Examination  op  tttk  Neiiv(H's  System,  a^h 

CONaEQLlilNT   SPECULAXrONf;. 


Sect.  l.^Thc  Rx'nnhifition  of  the  Nerrririn  Sffsfi^iu. 

IT  is  hardly  necessary  to  illustrate  by  furtluT 
examples  the  manner  in  which  anatomical  gl>- 
fiervation  has  {iroduec^l  ijoikjectui'al  and  hvpoihetiu^ 
atti-nipta  to  cunnect  struoture  and  aetion  with  sonie 
higher  [inndpk\  of  a  more  pt'fuliarly  physio kigical 
kind-  liut  it  may  stiU  be  instructive  to  notice  n 
case  in  which  the  principle,  which  i^  thus  brought 
into  view«  is  far  mora  ccmipletcly  elevated  abuvc 
the  domain  of  matter  a^nd  mechanism  than  in  those 
we  have  yet  considered  ; — a  case  where  we  have  aol 
only  irritation,  but  sensation  ;^not  only  lii'e,  but 
consciousnc.ss  aud  will.  A  part  of  science  in  which 
Bucli  sugge^tioti-^  present  themselves,  brings  ub,  in  a 
very  striking  manner,  to  the  passage  from  the  phy- 
sical to  the  hyperphysical  sciences. 

We  have  seen  already  (p.  428),  that  Galen  and 
his  predecessors  had  satisfied  themsL-lvLS  that  the 
nen'ca  are  the  channels  of  perception;  a  doctrine 
which  had  been  distinctly  tauffht  by  Ilerophilus'  m 
the  Alexandrian  school,  llerophilus  however  stdl 
'  Spr.  Lfi34. 
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ombined,  uaUcr  this  commoD  name  of  nen'Bs,  the 
tendons;  though  he  distinguished  3uch  nerves  fram 
those  which  arise  from  the  brain  and  the  spiaal 
marrow,  and  which  are  subservient  to  the  will.     In 
Galen's  time  this  subject  had  been  prosecuted  more 
into  detail.     That  anatomist  has  left  a  'I'reatise  ex- 
pressly upon  Tht^  Anatomy  qfthe  Ntrtes;  in  which 
he  describes  the  successive  jyairs  of  nerves:  thu^ 
k     the  first  pair  are  the  visual  nerves:  and  we  see,  in 
^^le  language  which  Galen  uses,  the  evidence  of  the 
r    care  and  interest  with  which  he  had  himself  exa- 
'     mined  them.     '* These  nerves,"  he  says,  "are  not 
resolved  into  many  (Ibrcs,  like  aJl  the  other  nerves, 
when  they  reach  the  organs  to  which  they  belong; 
but  spread  out  in  a  different  and  very  remoxkable 
I     manner,  which  it  is  not  easy  to  describe  or  to 
believe,  without  actually  seeing  it."     He  then  gives 
a  description  of  the  retina.     In   like  manner  he 

Klescribcs  the  second  pair,  which  is  distributed  to 
he  muscles  of  the  eyes  \  the  third  aud  fourth,  which 

go  to  the  toiigun  aud  palate;   aud  so  on  to  the 

seventh  pair  This  division  into  seven  pairs  was 
^k&tablished  by  Marinus*,  but  Vesalius  found  it  to  be 

incomplete.  The  examination  which  is  the  basis 
^pf  tbe  anatoTnieal  enumeration  of  the  nerves  at 
^T>resent  recognized,  was  that  of  Willis.  His  book, 
I  entitled  Cei'^lri  Amtonie,  cul  <icc€ssit  Nervorum 
I     de*rr*p/w  £^  wy«5,  appeared  at  London  in  lfi64.   He 

made    importani   additions  to  the    knowledge   of 


Die.  Se.  Med,  »xiv.  467. 
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this  subject'.  Thus  he  is  the  first  who  describa 
in  a.  distiDct  manner  what  lias  been  called  the 
TMTcozw  center^  the  pyramidal  enuncncos  fthicb. 
according  to  more  recent  anntoniists^  arc  the  com- 
munication of  the  brain  with  the  spinal  marrow: 
and  of  which  the  decft^saiion,  described  hy  Sa&to- 
rlni  aflbrds  the  e_\|iIanatiaD  of  tbo  action  of  a  part 
of  the  brain  upon  the  nerves  of  tlie  opposite  side. 
Willis  proved  also  that  the  rtU  viirnhile^  the  re- 
markable net-work  of  arteries  at  the  hase  of  the 
brmn,  observed  hy  the  ancienta  in  rumiiiating  ani- 
mals, does  not  exist  m  man.  He  described  the 
ditFereiit  pairs  of  nerves  with  more  care  than  his 
predecessors;  and  hia  mode  of  numbering  them  is 
employed  up  to  the  present  time.  He  calls  the 
olfactorj  nervoK  the  first  pair;  previously  to  him, 
these  were  not  reckoned  a  pair:  and  thus  the  optic 
nerves  were,  as  we  have  seen,  called  the  first.  He 
added  the  sixth  and  the  ninth  pairs,  which  the  ana- 
tomists who  preceded  him  did  not  reckon.  Wilhs 
also  examined  carefiilly  the  different  gai^'jHons^  or 
knots  which  occur  upon  the  nerves.  He  trace«i 
them  wherever  they  wore  to  be  ibuud,  and  he  gave 
a  general  figure  of  what  Cuvier  calls  the  ftem^ous 
skel^oiiy  very  superior  to  that  of  Vcsahus,  which 
was  coarse  and  inexact,  Willis  also  made  various 
efforts  to  liliow  the  coiineKion  of  tho  parts  of  the 
brain.  In  the  earlier  periods  of  anatomy,  the  brain 
had  been  examined  by  slicing  it,  so  as  to  obtaiu  a 
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section.  Varolius  endeavoured  to  unravel  it,  and 
ras  followed  bv  Willis.  Vicq  d'Azjr,  in  modem 
times,  has  carried  the  method  of  section  to  greater 
iperfection  than  tiad  befon>  been  given  if*;  as  Vieus- 
^kns  and  Oall  have  done  with  respect  to  the  method 
^fcf  Varolius  and  Willis.  Recently,  Professor  CJiaus- 
^■Bor'^  nutken  three  kinds  of  nerves : — the  encephalic^ 
^which  proceed  from  the  head,  and  are  twelve  on 
each  side  ;^the  rachldlmu  which  proceed  from  the 
spinal  maiTou',  atid  artr  thirty  on  eaeh  side; — and 
tpmtvd  mTTtw,  among  whicL  is  the  ^reat  Si/mpa" 

nerve. 
One  of  the  most  important  fite]>s  ever  made 
our  knowledge  of  the  nenes  is,  the  distinction 
rhieh  DIehat  is  sup])osed  to  have  establishnl,  of  a 
^jiafifjlionic  gf/sienf,  nnd  a  cerebrtfl  jfjtstem.  And  we 
^kay  add,  to  the  discoveries  in  nervous  aoatomj. 
^Hie  remarkahle  one.  made  In  our  own  time«  that  the 
^■wo  offices  of  conducting  the  motive  impressions 
^^om  the  central  seat  of  the  will  to  the  muscles,  and 
of  propagating  sensations  from  the  surface  of  the 
^_body  and  the  external  organs  of  sense  to  the  sen- 
^■eat  mind,  reside  in  two  distinct  portions  of  the 
^Bervous  substances — a  dascoveiy  which  has  been 
'  declared'  to  be  ^'doubtless  the  most  important 
^Accession  to  physiological  (anatomical)  knowledge 
^nrince  the  time  of  Harvey."  This  doctrine  was  first 
mblished  and  taught  by  Sir  Charles  Bell:  after  an 

'  Cur.  p,40,  *  I^ct.  Sc.  Nat.  lUV.WT* 

'  Dr.  Charlca  Henry's  Rtj>ort  ofBril,AsUK.  Ui- p.  62. 
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interval  of  some  years,  it  was  more  distinctly  deli- 
vered in  the  publications  of  Mr,  John  Shaw,  Sir 
C  BcU's  jjupih  Soon  afterwards  it  was  further 
coulirmed,  and  some  part  of  the  evidence  correctei 
by  Mr.  Mayo,  another  pupil  of  Sir  C.  Bell,  and  hj 
M-  Majeniiie  (u). 

Sect.  2. — -The  Consequmt  Spetidatimis.   Ifypothem 
respecliffij  Life,  Se^isatimi^  and  VolUion  (^v). 

T  BiTALL  not  attempt  to  explain  the  details  of  these 
anatomical  investigations;  and  I  shall  speak  very 
briefly  of  the  speculations  which  have  been  sug- 
gested by  the  obvious  subsen'ience  of  the  nerves  to 
life,  sensation,  and  volition.  Some  general  inferences 
from  their  distribution  were  sufficiently  obvious:  &9. 
that  the  seat  of  sensation  and  volition  is  'm  the 
brain.  Galen  b^ins  his  work,  On  the  AnaUmtp  qf 
tite  ^errfis,  thus:  "That  none  of  the  members  of 
the  animal  either  exercises  voluntary  motion,  or 
receives  sensation,  and  that  if  the  nerve  be  cut,  the 
part  immediately  becomes  inert  and  insensible,  is 
ackaoftJeUgptl  by  all  physicians.  But  that  the 
origin  of  the  ner\'es  is  partly  from  the  brain,  and 
partly  from  the  spinal  marrow,  I  proceed  to  ex- 
plain." And  in  his  work  On  the  Doctrines  qf  Plato 
mid  HipjTOcratts,  he  proves  at  great  length'  that 
the  hrain  is  the  origin  of  sensation  and  motion, 
refuting  the  opinions  of  earlier  days,  as  that  of 
Chrysippus^  who  placed  the  Iie</eimmc,  or  master- 


Lib,  vif- 


Lib. 


ui.  c 


THE  NERVOUS  SYSTEM. 


46& 


principle  of  the  soul,  iu  the  heart.  But  though 
Galeu  thought  that  the  rati-onal  soul  resides  in  the 
brain,  he  was  disposed  to  agree  with  the  poets  and 
philosophers,  aecordinf^  to  whom  th<^  heart  Is  the 
Beat  of  courage  and  anger,  and  the  liver  the  seat  of 
love".  The  faculties  of  the  soul  were  by  succeeding 
physiologists  confined  to  the  brain;  but  the  disposi- 
tion »^ti|]  showed  itsolf^  to  attribute  to  theiii  distinct 
localities.  Thus  WilVifi*'  places  the  imagination  in 
the  corpus  caliosum,  the  memory  in  the  folds  of  the 
hemispheriis,  the  perception  in  tho  corpus  striatum. 
In  more  recent  times,  a  system  founded  upon  a 
similar  view  has  been  fiirthcr  developed  by  Gall 
and  his  followers.  The  germ  of  Gall's  system  may 
be  considered  as  contained  in  that  of  Willis;  for 
Gail  rcprc'sejits  the  hemispheres  as  the  folds  of  a 
great  moTubrano  which  is  capable  of  being  unwrap- 
ped and  spread  out,  and  places  the  diHerent  facul- 
J,es  of  man  in  tiie  different  regions  of  this  mem- 
rane.  The  ehasni  which  interv<?nes  between  matter 
and  motion  on  the  one  side,  and  thought  and  feel- 
ing on  the  other,  is  brought  into  view  by  all  such 
systems;  but  none  of  the  hypotheses  which  they 
involve  oati  effectually  bridge  It  over. 

The  same  ohservatioa  may  be  made  respecting 
the  attempts  to  explain  the  manner  in  which  the 
nerves  operate  as  the  instruments  of  sensation  and 
volition.  Perhaps  a  real  step  was  made  by  Glis- 
*oii",  professor  of  medicine  in  the  University  o£ 

>'  Lib.  vi.  t.  Q.         "  Ctiv.  Sc.  Hal.  p.  384         1*  lb.  p.  434. 
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Cambrirlge.  who  diatinguisbed  In  the  filiros  of  A4 
musclps  of  motion  a  peculiar  property,  difAmit 
from  any  merely  mechanical  or  physical  actioQ. 
His  work  On  the  Ntiture  0/  titts  Etifrtfetic  Stfi'ntftnai, 
or  on  the  Life  of  Nature  and  of  its  Thr^e  Firtt 
Farr/Iiks,  The  Perc<fpfir&»  Apprtitire,  and  Motive. 
which  was  pubtisbo<i  in  1 672,  is  rather  nietaphvsica! 
than  pliysiolo^^'ical.  But  the  principles  which  hn 
establishes  in  this  treatise  he  applies  mnre  specialty 
io  physiolo^  in  a  treatise  On  the  Stomach  and 
fnte^tinpA  (Amsterdam.  1677).  lu  this  he  oscribM 
to  the  fil>res  of  tho  animal  body  a  pcciihar  power 
which  ho  calls  IrrifahUttJf.  He  divides  irrif/ttum 
into  uatTirah  vital,  and  animal;  and  bo  potnle  out 
though  briefly,  the  gradual  diftbrences  of  irritability 
in  tlifFereiit  organs.  "  It  is  hardly  comprehensible,* 
says  Sprenge]^,  "how  this  lucid  and  excellent  no- 
tion of  the  Cambridge  teacher  was  not  arrrpteJ 
with  greater  alacrity,  ami  further  unfoldi-d  by  bia 
contempontrics."  It  has.  however,  since  been  uni- 
veraally  adopted. 

But  ihougli  tlie  discrimination  of  muscular  irri- 
tability as  a  peculiar  ptm-cr,  mi^^ht  be  u  useful  step 
in  physiological  research,  the  explanations  hitherto 
oHered,  of  the  way  In  which  the  nerves  operate  on 
this  irritability,  and  dis^'harge  their  other  nffic^cs, 
present  only  a  series  of  hypotheses,  (ilisson**  u* 
sumed  the  exiEtenco  of  certain  vital  spirit^  vrhirh, 
according  to  him,  are  a  mild,  sweet  fluid,  reseiK 
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)Iing  the  spirituous  part  of  white  of  egg,  ^ud  reside 
in  llje  nervts.  This  hypothesis,  of  a  very  subtle 
uinour  or  spirit  existing  in  tho  nervos,  was  indeed 
ery  early  taken  up"*.  This  nervous  spirit  had  been 
mpared  to  air  hy  Erasistratus,  Asclepiades,  Galen, 
d  others.  The  chemical  tendencies  of  the  sevea- 
iith  century  led  to  its  being  described  as  acid, 
Ipbureous,  or  nitroua.  At  the  end  of  that  cen- 
the  hypothesis  of  an  etlwr  attracted  much 
notice  as  a  means  of  accounting  for  many  phenc- 
a;  and  this  ether  was  identified  with  the  ner^ 
ous  fluid-  Newton  himself  inclines  to  this  view,  in 
e  remarkable  Queries  which  are  annexed  to  his 
ticks.  After  ascribinf^  many  physical  effects  to 
is  ethor,  he  adds  (Query  23),  "lb  not  vision  per- 
formed chiefly  by  the  vibrations  of  tbiji  medium, 
cited  in  the  bottom  of  the  eye  by  the  rays  of 
light,  and  propagated  through  the  solid,  pellucid, 
and  unifonti  capillamenta  of  tlio  nerves  into  the 
place  cf  sensation?"  And  (Query  ii4),  '"Is  not 
animal  motion  performed  by  the  vibrations  of  this 
raedinm,  excited  in  th«  brain  hy  the  power  of  the 
will,  and  propagated  from  thence  tlirough  the  capil- 
menta  of  the  nerves  into  the  muscles  for  contract- 
g  and  dilating  them  V  And  an  opmion  approach- 
g  this  has  been  adopteil  by  sonic  of  the  greatest 
modem  physiologists;  asHaller,  who  sa,va'%  that, 
lOugh  it  is  more  easy  to  find  what  this  nervous 

'*  HalTeT,  Fhy«oL  W.  ZGTu 

"  Pkifjiol^  iv.  381,  lib^  jc^  wet.  viii.  §  15, 
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spirit  is  not  than  what  it  is,  he  conceives  that.  wMe 
it  must  be  far  too  fine  to  be  perceived  by  the  sense, 
it  lEust  j'Bt  be  more  gi'oss  than  fire,  magnetism,  or 
electricity;  so  tbat  it  may  be  contained  in  vessels 
and  confined  hy  boundaries.  And  Cuvier  speaks  to 
the  same  effect^':  "There  is  a  great  probability  that 
jt  is  by  an  imponderable  duid  that  the  nerve  artA 
on  the  fibre,  and  that  this  norvous  fluid  is  drawn 
from  the  blood,  and  secreted  by  the  meduUftry 
matter." 

Without  presuming  to  dissent  from  such  autho- 
rities on  a  point  of  anatomical  probabiJity,  we  may 
venture  to  observe,  that  these  hypotheses  do  not 
tend  at  all  to  elucidate  the  physiological  pnnciplfi 
which  is  here  involved;  for  this  prini^ipitr  cannot  be 
mechanical,  chemical,  or  physical,  and  therefore 
cannot  be  better  understood  by  embodying  it  in  a 
fluid :  the  difficulty  we  have  in  conceiving  what  the 
moving  force  is^  is  not  got  rid  of  by  espliuntng  the 
machinery  hy  which  it  is  merely  transferred.  In 
tracing  the  phenomena  of  sensation  and  volition  to 
their  cause,  it  is  clear  that  we  must  call  in  some 
peculiar  and  hyperphysical  principle.  The  faypo 
thesis  of  a  fluid  is  not  made  more  satisfactory  by 
attenuating  the  fluid ;  it  becomes  subtle,  spirituous, 
ethereal,  imponderable,  to  no  purpose;  it  must 
cease  to  be  a  fluid,  before  its  motions  can  become 
sensation  and  volition.  ThU,  indeed,  is  acknow- 
ledged by  most  physiologists ;  and  strongly  stated 

"  Ri-gne  AniFiial,  Introd.  p.  30. 
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y  Cuvier",     "The  impression  of  external  objects 

upon  the  ME,  the  production  of  a  seasation,  of  an 

image,  is  a  mysterj  irnpeuetrable  for  our  thoughts" 

And  in  several  places,  by  the  use  of  this  peculiai' 

phrase,  "^the  ffw"  {le  vwu)  far  the  sentient  and 

votent  faculty,  he  marks  ^ith  peculiar  appropriate* 

I     ness  and  force  that  pliraseology  borrowed  from  tho 

^^orld  of  matter  will,  in  this  Eiubject,  no  longer 

^■tiswer  our  purpose.     We  have  here  to  go  from 

Bkouus  to  pronouns,  from  things  to  persons.     We 

pass  from  the  body  to  the  soul,  from  physics  to 

I     metaphysics.    We  are  come  to  the  borders  of  matt?- 

'     rial  philosophy;  the  next  step  is  into  the  domain  of 

,     thought  and  mind.     Here,  therefore,  wo  beg^n  to 

I     feel  that  we  have  reached  the  boundaries  of  our 

,     present  sultject.     The  examination  of  that  which 

I     lies  beyond  them  must  be  reserved  for  a  philosophy 

of  another  kind,  and  for  the  labours  of  the  future; 

I     if  we  are  ever  enabled  to  make  the  attempt  to 

extend  into  that  loftier  and  wider  scone,  the  prin- 

uplos  which  we  gather  on  the  ground  we  are  now 

L    laboriously  treading. 

^K  Such  speculations  as  I  have  quoted  respecting 
^Kio  nervous  fluid,  proceeding  from  some  of  tho 
^greatest  philosophers  who  ever  lived,  prove  only 
that  hitherto  the  endeavour  to  comprehend  tbo 
mystery  of  perception  and  will,  of  life  and  thought, 
have  been  fruitless  and  vain.  Many  anatomical 
truths  have  been  discovered,  but,  so  far  as  our 

''  Rrgnt  Anintaij  Introd.  p*  47' 
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flUTvoy  has  yet  goni%  no  gi^iajme  physiological  prin- 
ciple. All  the  trains  of  physiological  research  which 
wc  have  followed  have  hegun  in  exact  ezaminatjan 
of  organization  and  fimction,  and  have  ended  ta 
wide  conjectures  aTid  arbitrary  hypotheses.  The 
6tTeam  of  knowledge  in  all  such  cases  is  clear  and 
lively  at  its  outset;  hut.  instead  of  reaching  th« 
great  oct^aii  o£  the  general  truths  of  acionct?,  it  ia 
gradually  s|>read  abroad  among  sands  and  deserts 
till  its  courw  can  bo  traced  no  longer. 

Hitherto,  therefore,  we  must  consider  that  wo 
have  hnil  to  tell  the  story  <>(  i\ii* /uiln  ren  of  phvsia- 
logical  9pec*]lation,  But  of  late  there  have  coma 
into  view  and  use  among  physiologists  certain  prin- 
ciples which  may  be  considered  as  peculiar  to  orgaa- 
iiod  subjects;  and  of  which  the  introduction  formi 
a  real  advance  in  organieal  science.  Though  thew 
have  hitherto  been  very  imperfectly  developed,  we 
must  endeavour  to  exhibit,  in  some  measure,  their 
history  and  hearing. 
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twiKODccrnoy  of  tue  Principle  of  Developed 

AND  METAMORFHOSEt*  SYMMETRY. 


Sed.  1. —  Vegtitai^^  Moi-jtfwlogii. 
D(^  Canddk. 


Oolfie. 


BEFORE  we  proceed  to  consider  the  progress 
of  principles   which   belong  to   animal    and 
human  life,  such  ;is  have?  just  hpnn  piuntcd  at,  we 
must  li>uk  round  for  such   doctrines,  if  any  such 
ithcTc  be,  a?  app'y  niikp  to  all  organized  beicgs, 
^Bonsctcus  or  uncouscious,  tixed  or  locomotive; — to 
HBio  laws  which  reflate  vogrtahle  as  well  as  animal 
Ibrms  and  functions,    Tliough  we  are  very  far  from 
being  able  to  present  a  clear  and  connected  code  of 
^pich  laws,  we  may  refer  to  one  law^  at  least-  which 
ji^ppcars  to  be  of  gmmino  authority  and  validity; 
r     and  which  is  worthy  our  attention  as  an  example 
■of  a  properly  orRanica!  or  physiological  principle, 
^Ulfitinct  from  all   mechanical,   chemical,  or  other 
^physical  forces;  and  such  as  cannot  even  be  con- 
nived to  ho   resolvable   into   those.     1  speak  of 
le  tendency  which  produces  such  results  as  have 
?en  brought  together  in  rocent  speculations  upon 
fori'hotogy. 
It  may  perhaps  be  regarded  as  indicating  how 
[peculiar  arc  thu  principles  of  or^'aiac  Hfe,  aud  how 
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far  removed  from  any  mere  mechanicai  actiot],  that 
the  Icadiog  idea  in  these  speculations  y^ns  tint 
Btrongly  and  cfTQclivelj  apprehended,  not  bj  a 
laborious  cxpenTiienter  and  reasoaer,  hut  hy  a  man 
of  singularly  briUiaot  and  creative  fancy ;  not  by  a 
mathematician  or  chemist,  but  by  a  poet>  And  we 
may  add  further,  that  this  poet  had  already  shown 
himself  incapable  of  rightly  apprehending  the  rela- 
tion of  phy^sical  facts  to  their  principles;  and  had, 
in  trying  his  powers  on  such  subjects,  exhibited 
a  signal  instance  of  the  ineffectual  and  pervene 
operation  of  the  method  of  philosophiiing  to  which 
the  constitution  of  his  mind  led  him.  The  person 
of  whom  we  speak,  is  John  Woligang  Gothe,  wiio 
is  held,  by  the  unanimous  voice  of  Europe,  to  hare 
been  one  of  tho  greatest  poets  of  our  own,  or  of 
any  time,  and  whose  Doctrine  iff  Cdouvs  wo  havo 
already  had  to  describe,  in  the  History  of  Optics,  u 
an  entire  failure.  Yet  his  views  on  the  laws  which 
connect  the  forms  of  plauts  into  one  simple  system, 
have  been  generally  accepted  and  followed  up.  We 
might  almost  be  led  to  think  that  this  writer's 
poetical  endowments  had  contril>uted  to  this  sciea- 
tific  discovery; — the  love  of  beauty  of  foim,  by 
fixing  the  attention  upon  the  symmetry  of  plants; 
and  the  creative  habit  of  thought,  by  making  cou* 
stant  dovelopcmeut  a  familiar  process*. 

'  Wfl  may  i]uota  somo  tA  tW  poet's  own  Ttrw4  as  4a  iDui* 
tmtioa  of  faU  ra:linf^  ua  iliu  subject'     Tlicy  ue  vldnsBKi  tu  %  , 


■BINCEPLE  OF  METAMORPHOSED  SYMMETRY-  477 


But  though  we  cannot  but  remark  the  pecu- 
liarity of  our  being  icdeblcd  to  a  poet  for  the 
discovery  of  a  scientific  principle,  wc  must  not  forget 
diat  be  himself  held,  that  in  making  this  step,  he 
had  been  guided,  not  by  his  invention,  but  by  ob- 
ser\'atioii.  Ho  repelled,  with  extreme  repugnance, 
the  notion  that  he  had  substituted  fancy  for  fact, 
or  imposed  ideal  laws  on  actual  things.  "WTiiJe  he 
was  earnestly  pursuing  his  morphological  specula- 
tions, he  attempted  to  imprt^ss  them  upon  Schiller. 
"'I  expounded  to  him,  io  as  lively  a  manner  as  pos- 
sible, the  metamorphosis  of  plants,  drawing  on 
paper,  with  many  characteristic  strokes,  a  symbolic 
plant  before  bis  eyes.  He  heard  me,"  Gothe  says*, 
"with  much  interest  and  distinct  comprebension; 
but  when  I  had  done,  he  shook  his  head,  and  said, 
''Hiat  is  not  experience;  that  is  an  idea:'  I  stopt 
with  some  degree  of  irritation  ;  for  the  point  which 

Pkh  vmrimi,  ifrliebiF,  die  boacndfilLi^  miKhm^ 

IMhs  Uumcii^vUhlH  Ubor  dtni  gartm  uiuliTTi 
Viele  naEQcu  hl^mc  dn  no,  jdJ  iuLiircf  YcrdrUriKri, 

MU  barbiLriiL^hQtti  klu^,  4-ber  tlm  amlt-ni   iin  ohr. 
Allr  gctUlten  bLulI  IfanUclL  und  keLov  gI[:LL:hFi  dcr  uidcni; 

VaA  BO  dculct  dflB  chor  nuf  da  ^rholiPk-a  ^i?«E£. 
Ant  an  hcilign  rkLliKl.     O  '.  biuiQie  icTi  iich,  hchlicht  frfundiDDp 

UebfrlLddh  u  gLeich  glUdrlich  Ama  Inimde  wnrt. 

Tboo,  my  hfrc,  ui  prrplfnt  viih  flic  etkIIeu  ■HniInK  nrhiuliHa 

Of  iba  lujiiLTluiE  itdlth  ohlch  Iq  ihe  f^tii  jp  HpRuJ ; 
Htntt  npun  ihhq?  ■hD^  ]L«Brr«E,  uid  bi  ihf  <li]«wl>fic<]  hnrEngj 

Vf[ih  It  barbarian  noue  one  drlvn  AfHUhrr  klmtK, 
AU  llv  Farait  wnaable,  jet  dddc  is  (br  moe  ta  ■noiha; 

Thus  [hf  whole  of  ibe  ihnmft  pdiuu  al  a  J«p  hiitJeci  1»», 
Poiniaai  n  aacm]  riddle.    Oh1  could  I  (□  ihte.  my  beloTdl  friend^ 

WbiKpcT  Hk  foTEuuK  wDtd  tff  vhlcfa  (he  cjdilk  ii  teul ! 

■  Zur  Marphologie,  p.  24- 
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spparateri  un  was  murkcd  most  lumtnouslj  by 
expression."  And  in  the  same  work  be  relate 
botanical  studies  and  hi&  habit  of  observation,  from 
wbicb  it  is  nasWy  ^cn  that  no  common  amount  of 
kuon'lcxfge  and  notici'  of  details,  were  involvwl  in 
the  course  of  thought  which  Jed  hioi  to  the  prifi' 
ciple  of  the  Mctanioq)hosls  of  Plants,  fl 

Befuri?  I  state  the  history  of  this  principle,  t' 
may  be  allowed  to  endeavour  to  communiaite  to 
the  reader,  to  whom  this  subject  is  now,  some 
conception  of  the  principle  it&elf.  This  will  not  be 
difficult,  if  he  wiU  imagine  to  binidelf  a  flower,  for 
instaTiee,  a  common  wild-rose,  or  the  blossotn  ofaJi 
I4jplc-trer',  aa  cousifiting  of  a  series  of  part*  disposed 
in  Tpfiaris,  placed  one  over  another  on  an  f/ai>»  The 
lowest  ^'borl  is  the  calyx  with  its  five  ^t^j^aJ^; 
above  this  is  the  corolla  with  its  Rve  petals;  &bDn< 
this  are  a  niultitude  of  stamens;  which  may  be  coa> 
fiidered  as  separate  whorls  of  five  each,  often  t^ 
peatrd;  above  these  is  a  whorl  compoeod  of  tlie 
ovaries,  or  wliat  become  the  seed-veftsols  in  the 
fruit,  which  are  five  united  togetlier  in  the  apple, 
but  indefinite  in  number  and  separate  in  th«  rose, 
Now  the  morphological  view  is  this; — that  tie 
members  of  each  of  these  whorls  are  in  their  ntr 
ture  identical,  and  the  same  as  if  they  were  whori* 
of  ordinary  leaves,  broup;lit  together  by  lb<j  alio 
ing  their  common  axis,  and  modified  in  form 
the  successive  elaboratLoii  of  their  nulritncuL  ¥ia 
ther,  according  to  this  view,  m  whorl  of  leaves  itwJ 
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is  to  be  considered  as  identical  with  several  detached 
leaves  dispersed  spira!!y  aJong  the  !i\l%  and  brought 
together  because  the  axis  is  shortened.  Thus  ail 
the  parts  of  a  plant  arc,  or  at  lea^t  represent,  tlte 
successive  metarmorpboses  of  the  same  elementary 
member.  The  root-leaves  thus  pEi&s  into  the  com- 
mon leaves ;— these  into  braetea?; — these  into  the 
■epals ; — these  into  the  petals ; — these  into  the 
stamens  with  their  anthers; — these  into  the  ovaries 
WLtii  their  styles  and  stigmas; — these  ultimately 
become  the  fruit ;  and  thus  we  are  finally  led  to 
the  seed  of  a  new  plant. 

Moreover  the  same  notion  of  metamorphosis 
"may  be  apphed  to  espJain  the  existence  of  flowers 
which  are  not  symmetrical  like  those  we  have  just 
referred  to,  but  which  have  an  irrcgidnr  corolla,  or 
^calyx.     The  papilionaceous  flower  of  the  pea  tribe, 
^pvhich  IS  60  maj-liodiy  irregular,  may  be  deduced  by 
\     easy  gradations  from  llje  regular  flower,  (through 
the  mimosew,)  by  expanding  one  petal,  joining  to- 
gether two  others,  and  modifying  the  form  of  the 
^jntormediatc  ones. 

^v      Without  attemptiug  to  go  iuto  detail  respect- 

^Png  the  proofs  of  that  identity  of  all  the  different 

organs,  and  all  the  different  forms  of  plants,  which 

fethus  a.sserted,  we  may  obsonT,  that  it  rests  on 
eh  grounds  as  these ; — the  transJbrroations  which 
the  p^rts  of  flowers  undei^  by  accidents  of  nutri- 
ment or  exi)05ure»  Such  clianges,  considered  as 
monstrosities  wliere  they  arc  very  remarkahle,  show 
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the  tendencies  and  possibilities  Lclongmg  td  thlt 
organization  In  which  they  occur-  For  instance, 
the  singtt  wilU-rosc,  bv  culture,  transforms  many  of 
its  numerous  fitiuiiuns  into  petals  and  thus  acijuires 
the  deeply  folded  Hower  of  tbe  double  gardL'D-rose. 
We  cannot  doubt  of  the  reality  of  this  change,  for 
we  often  see  stamens  in  which  it  is  incomplete.  Id  d 
other  cases  we  find  petals  becoming  leaves,  and  a  " 
brauch  gT0\sing  out  of  the  center  of  the  tiowefn 
Some  pear-trees,  when  in  blossom,  are  remarkable 
for  their  tendency  to  euch  monstrosities'.  Again, 
we  find  that  flowers  which  are  nj^uaJJy  iTTogular, 
occasionally  become  regular^  and  eouTcrseiy.  The 
common  snap-dragon  {Litiar-la  -nthjaTiA)  affords  !i 
curious  instance  of  this\  The  usual  form  of  iMs 
plant  is  "  personate,"  the  corolla  being  divided  into 
two  lohe^  which  difter  in  form,  and  together  pre- 
sent somewhat  tbe  appearance  of  an  animal's  tiice: 
and  the  upper  portion  ol'  the  corolla  Is  proloi^td 
backwards  into  a  tube-like  '^  spur/*  No  ilowcr  eas 
be  more  Irregular  ^  but  there  is  a  suiguiar  \arietv 
of  this  plant,  termed  Pehria,  in  which  the  coroEb 
u  strictly  symmetrical,  consisting  of  a  conical  RiIm, 
narrowed  in  iront,  elongated  behind  into  Jive  C4[aal 
spnr^  and  containing  five  stamens  of  equal  length. 
instead  of  the  two  une<iual  [lairs  of  the  didynunou 
Unaria.  These  and  the  like  appearances  show  thii 
there  la  in  nature  a  capacity  for,  aud  tendency  UK 

*  IdJidley,  Nat^  S^st.  p  84, 

'  Ilopidow,  PriadpitT  of  Balanyy  |k  J 10, 
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such   changes  as  the  doctTLQe  of  m^tamorphosU 

KBSSerts, 

^B  Gtitlio's  Melamm-phosis  qf  Plants  was  published 
1791*:  and  his  Kygtem  was  the  result  of  his  own 
iDdependent  course  of  thouglit.  Tbe  view  which  it 
involved  was  not,  however,  absolutely  new,  though 
it  had  never  bel^ore  beeu  unfolded  iu  so  distinct 
nnii  persuasive  a  manner.  Linnaeus  considered  the 
leaves,  calyx,  corolla,  stamens,  each  as  evolved  in. 
Bucceaaon  from  tbe  other ;  and  spoke  of  it  as  pro- 
lepsi^  or  antii^pution\  when  the  leaves  chaTi^ed 
accidentally  into  hraeteie,  these  iuto  a  calyx,  thia 
into  a  corolla,  the  corolla  into  stamens,  or  thesd 
into  the  pistib  And  Caspar  Wolf  apprehended  in 
a  more  general  manner  the  same  principle,  "Ta 
the  whole  plant,"  says  he",  "we  sec  nothing  hut 
leaves  and  stalk ;"  and  in  order  to  prove  what  is 
tbe  situation  of  tbe  Leaves  in  all  their  later  forms, 
be  adduces  the  cotyledons  as  the  first  leaves. 

Gotbe  was  Ifd  to  his  system  on  this  subject  by 
hU  general  views  of  nature.  He  saw,  he  says',  that 
a  whole  life  of  talent  and  labour  was  requisite  to 
enable  any  one  to  arran^  tbe  inJinitfrly  copious 
organic  forms  of  a  single  kingdom  of  nature.  ''  Yet 
1  felt,**  he  adds,  "that  for  me  there  must  be  an- 
other way,  aualogous  to  the  rest  of  my  habits.  The 
»|>earance  of  tlu!   changes,   round   and  rouud.  of 

'  Sprenge!,  Bai.  \u  HOS.     Amrtn.  Acad,  vi,  324,  305. 
•  Nov.  Com,  Av.  Petrop^  sii,  403,  liii,  476, 
'  ^Ni-iUw^A.  130. 
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organic  creatiires  had  taken  strong  hold  on  my 
mind.  Imagination  and  Nature  appeared  to  me  Id 
Tie  with  each  other  which  could  ^  on  moBt  boldly 
yet  moat  eonsistcotly."  His  observation  of  nature* 
directed  by  snch  a  thought,  led  him  to  the  doctrine 
of  the  metaraoTphosis, 

In  n  later  republication  of  his  work  [Zj/r  Afnr- 
phoffffHffy  1817,)  he  gives  a  verj  agrccablo  accaunt 
of  the  various  circumstances  which  atfcctcd  the  rp- 
coption  and  progress  of  his  doctrine,  Wiildenow' 
quoted  him  thus,  "The  lifi?  of  plantfi  is,  a^  Mr. 
Gothe  very  prettily  says,  an  expansion  and  oon- 
traction,  and  these  alternations  make  the  various 
periods  of  life."  "ITiis  ';>rrf«Vj/,""  says  Gtithe,  "I 
can  he  well  content  with,  but  the  'e^myjie'  of  Usteri 
is  much  more  pretty  and  obliging."  I'stcri  had  used 
this  term  respecting  Gothe  in  an  edition  of  -hissicu. 

The  application  of  the  notion  of  metamorphosis 
to  the  explanation  of  double  and  monstrous  fiowers 
had  been  made  previously,  by  Jussieu.  Giithe's 
merit  was,  to  finve  referred  to  it  the  reaviar  forma- 
tion of  the  flower.  And  as  Sprengel  justly  sap'^ 
his  view  had  so  profound  a  meaning*  made  so  strong 
an  appeal  by  its  sintplicity,  and  was  so  fruitfu]  in 
the  most  valuable  conse<|ueiiees,  that  it  wa^i  not  to 
be  wondered  at  if  it  oecasioned  furlheT  examina- 
tion of  the  subject ;  although  many  j^ersons  pre- 
tended to  slight  it  The  task  of  confirming  and 
verifying  the  doctrine  by  a  general  application  of  it 

■  ZiiT  Morph.  I  13],  '  GucL  Bo/am.  i.  304. 
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to  all  cases. — b  lal>our  so  important  anil  necossary 
aftor  the  promulpation  of  any  great  principle, — - 
Gotike  himself  did  m>t  4?xecute.  At  first  he  col- 
lected speuliuens  and  uiade  drawiugfi  with  some 
such  view'^  but  he  was  interrupted  and  diverted  to 
jther  matters.  "And  now."  says  he,  id  his  later 
publication,  ''when  1  look  back  on  this  undertak- 
ing, it  is  easy  to  see  that  the  object  \^'hicli  t  had 
I  before  my  eyes  was,  for  me,  in  my  positioTi,  with 
py  habits  and  mode  of  thinking,  unattainable.  For 
ft  was  no  less  than  this:  that  E  was  to  take  that 
wliich  I  had  stated  in  general,  and  presented  to  tho 
conception,  to  the  mental  intuition,  in  words;  and 
that  I  should,  in  a  partieularly  visible,  orderly,  and 
gradual  manner,  present  it  to  the  eye ;  £0  as  to 
^ow  to  the  outward  sense  that  out  of  the  germ  of 
this  idea  might  grow  a  tree  of  physiology  fit  to 

rversliadow  the  world/' 
Voigt-  professor  at  Jena,  was  one  of  the  first  who 
adopted  Gothe's  view  into  an  elementary  work, 
which  lie  did  in  ]8{IH.  Othrr  botanists  laboured  in 
the  direction  wliich  had  thus  been  pointed  cut.  Of 
f&ose  who  hare  thus  contributed  to  the  establish- 
ment and  developement  of  the  metamorphie  doe- 
trine.  Professor  De  CandoUe,  of  Geneva,  is  perhaps 
^e  most  important.  His  Theory  of  Developement 
^jrests  upOTi  two  main  principles,  abortion  and  atfhe- 
By  considering  some  parts  as  degenerated  or 
ib»ent  through  the  abortion  of  the  buds  which 
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might  have  rormed  them,  and  other  pnjiii  as  ailhtr* 
iDg  toj^ethei'^  he  holds  that  all  jilants  may  lie  rtr- 
dticed  to  perfect  KymmetrT:  &i]d  the  actuiil  mid 
constant  occurreace  of  suoli  JQCidents  is  <$howii 
beyond  all  doubt.  And  thus  the  SDap-<lra^n,  of 
which  we  have  spoken  above,  is  derived  from  tlw 
Peloria,  which  is  the  normal  condition  of  the  flower, 
hy  the  abortion  of  one  stamen,  and  the  degeneration 
of  two  others.  Such  examples  are  too  uumerous 
to  need  to  be  dwelt  on. 


J 


SecL  2. — Apfilicufion  of  VfgptaUs  Morjihi^ 

The  doctrine,  being  thus  folly  estahliahed,  has  been 
applied  to  soh'e  different  problems  in  botany;  for 
instance,  tn  explain  the  Btrui-tun?  of  flowers  wliidi 
appear  at  first  sight  lu  deviate  widely  from  the 
usual  forms  of  the  vegetable  world.  We  "hKye  an 
instance  of  such  an  applicatioD  ui  31r.  Itobert 
Brown's  explanation  of  the  real  structure  of  varifirus 
plants  which  had  beea  entirely  misunderstood;  ja, 
for  example,  the  genus  Etiphori^d.  In  ChispUnt 
he  showed  that  what  bad  been  held  to  be  a  jolulfid 
filament,  vias  a  pedicel  with  a  filament  above  it, 
the  intermediate  eorolla  having  evaiiesc^.  In 
OrchidefE,  (the  orchis  trilw,)  he  showed  that  the 
peculiar  structure  of  the  plant  arose  from  its  baviuj; 
six  stamens  (two  s^ts  of  three  each),  of  which  fi»o 
are  usually  abortivi?.  In  Catufrra^s  (the  rmic-htur- 
iug  trees,)  it  was  made  to  ap]>ear  tiiat  the  seed  ¥** 
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"naked,  while  the  accompanying  appendage,  corre* 
fiponding  to  a  seed-vessel,  assumed  all  forms,  fi-om 
a  complete  leaf  to  a  mere  scale.  In  like  manner  it 
was  proved  that  th:;  papptts^  or  down  of  cc^nposits 
plants,  (as  thistles,)  is  a  transformed  eaWs. 

Along  ivith  this  successful  application  of  a  pro- 
found principle,  it  was  natural  that  other  botanists 
should  make  similar  attempts.  Thus  Mr.  Lindlcy 
was  led  to  take  a  view'^  of  the  structure  of  Heseda 
(mignouette)  different  from  that  usually  entertained; 
which,  when  published,  attraeted  a  good  deal  of 
attention,  and  gained  some  converts  among  the 
botanists  of  Germany  and  Franco.  Bui  in  1S33, 
JVlr.  Lindley  says,  with  great  candour,  '*  Lately,  Pro- 
bssor  Hcnslow  ha;^  satiafa(!t<?r!iy  proved,  in  part  hy 
the  aid  of  a  monstrosity  in  the  common  Mignonette, 

part  by  a  severe  application  of  morphological 
les,  that  my  liopothesis  must  necessarily  he  false." 
Such  an  a^*emeut  of  dittercnt  botanists  respecting 
the  couse(]uences  of  morphological  rules,  proves  the 
eality  and  universality  of  the  ndes. 

We  find,  therefore^  that  a  principle  which  we  may 
call  the  Priuaph  of  Dctelojted  and  Alvtmnorphosed 
iJipwmelrif.  is  firmly  established  and  recognised, 
and  tamiliarly  aiul  successfully  applied  by  botanists. 
And  it  will  be  apparent,  on  refieetion,  that  though 
\6riaim^ttrit  is  a  notion  which  applies  to  inorganic 
as  well  as  to  organic  things,  and  is,  in  fact,  a  con- 
ception of  certain  relations  of  space  and  position^ 

'^  UndlL-y,  Brii-  Asnx.  ItrpoN,  iii,  50. 
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Secl^  1- — Jtife  of  Coftiparatitfi  Anatomy, 

THE  most  general  aud  coiistajit  relations  of  the 
form  of  the  organs,  both  in  plauts  aod  animals, 
are   the    most    natural    grounds    of  classification. 
KHenee  the  first  scicutific  elas&iflcationb  of  aEiimalB 
^are  the  first  steps  in  animal  morphology'.     At  firsts 

I  a  zcdogy  was  constructed  by  arranging  animals,  a^ 
plants  were  at  first  arranged,  according  to  their 
e^itemal  parts.  But  Id  the  course  of  the  researches 
cf  the  anatomists  of  the  seventeenth  century,  it  wa^ 
seen  that  the  internal  structure  of  animals  offered 

mblances  and  transitions  of  a  far  more  cobe- 

,    and  philosophical   kind,    and   the  science  of 
fiaratire  anatmny  rose  into  favour  and  import- 
ance-    Among  the  main  cultivators  of  this  science' 
\i  the  ]ieriod  just  mentioned,  we  6nd  Francis  Redi, 
if  Are:tzo;   Gulchard-Joseph  Duveruav,  who   was 
sixty  years  professor  of  anatomy  at  the  Jardia 
[flu  Roi  at  Paris,  and  during  this  lapse  uf  time  had 
ir  his  pupils  almost  all  the  greatest  anatomists  of 
Le  greater  part  of  the  eighteenth  century;  Nehe- 
liah   Grew,  secretary  to    the    Koyal    Society   of 

'  Cur,  Ltgi^fiM  svr  tH'aU  da  Se.  ^al.  414,  420. 
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London,  whose  AjiuU/mf/  t/  PlanU  we  have  al- 
ready imtictd. 

But  comparative  anatomy,  which  bad  been  culti- 
vated ^vitli  ardour  to  the  end  of  the  seventeentb 
century,  waji?,  \x\  si:»mi?  nieasuro,  nuglettod  durmg 
the  first  two-thirds  of  the  oighteentli.  The  progreu 
of  botany  was,  Guvier  sagaciously  suggests',  OM 
caus€  of  this;  for  that  science  bad  made  its  ad- 
vances hy  coohniug  itst^lf  to  external  characters 
and  rejecting  anatomy:  and  though  Liimieus  acknow- 
ledged the  dependence  of  zoology  upon  anatomy' 
£0  far  as  to  make  the  number  of  teeth  his  cbar&o 
tcrs,  even  this  was  felt^  in  his  method,  as  a  bold 
step.  But  hi&;  intlnence  was  soon  opposed  by  that 
ofButfon,  Daubeuton.  and  Pallas;  who  again  brougbl 
into  view  the  importance  of  comparative  anatoinj' 
in  Koology;  at  tin:  sarue  time  that  Haller  pruvcd 
bdw  much  might  be  learnt  from  it  in  physiology. 
John  llunter,  in  England,  the  two  Munros  in  Scot- 
laud,  Camper  in  Holland,  and  Vicq  d'Azyr  in 
France,  were  the  tirst  to  foUow  the  path  thus  pointed 
out  Camper  tlirew  the  glance  of  genius  on  u  host 
of  interesting  objects,  but  almost  all  that  he  pi^ 
duced  was  a  number  of  sketches;  Vic(|  d'Azyr, 
more  asdduous,  was  stopt  in  the  midst  of  ii  mo^t 
brilliant  career  by  a  premature  death. 

Such  is  Cuvicr's  outline  of  the  earlier  history  of 
comparative  anatomy.     We  shall  not  go  into  detail 
upon  this  subject;  but  mo  may  observe  that  »uch 
'  Cuv.  iVut.  Se.  Kat.  1.  301.  *  iU 
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studffR  }ia<i  fixc?d  in  the  uiinds  of  uaturali?^ts  thi> 
conviction  ^f  tlit:  jjossibility  and  thti  projirit^ty  of 
conaidering  lai^e  divisions  of  the  animal  kingdom 
as  modiiicatiotis  of  one  common  tr/pe,  Belon,  as 
eax\y  as  1555,  had  jdaced  the  skeleton  of  a  man 
id  of  a  bird  side  by  side,  and  shown  tho  corre- 
"spondence  of  parts.  So  far  as  tho  case  of  verte- 
brated  animals  extends,  this  correspondence  is 
generally  allowed;  although  it  required  some  in- 
genuity to  detect  its  details  in  some  cases;  for 
instance,  to  see  the  analogy  of  parts  between  the 
head  of  a  man  and  of  a  tish. 

In  tracing  these  less  obvious  com>spoTidencie8, 

miG  curifniH  steps  have  boon  niaJc  in  recent  times. 

^_^nd  here  wc  must,  I  conceive,  again  ascribe  no 

^■mall  merit  to  the  same  remarkable  man  who*  as 

^ptre  have  already  had  to  jioint  out,  gave  so  great  an 

impulse  to  vegt?tahl(j  morphologj^     Gothe,  whose 

talent  and  disposition  for   speculating  on  all  parts 

of  nature  were  truly  admirable,  was  excited  to  the 

study  of  anatomy  by  his  propinv|uity  to  the  Duke  of 

^\Veiniar*s  cabinet  of  natural  history.     In  17^6,  he 

^Kmblished  a  liUle  essay^  the  object  of  which  was  to 

^piiow  that  in  man,  as  well  as  in  beasts,  the  upper 

^jaw  contains  an  intermaxillary  bone,  altliough  the 

sutures  are  obliterated.     After  171)0',  animated  and 

ipelli^d  by  the  same  passion  for  Tiatural  cbserva- 

Son  and  lor  general  views  which  had  produced  his 

inetamori»Hosis  of  plants,  he  pursued  his  specula- 

•  Zar  Morphoiogie^  i,  234. 
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^iotia  on  these  subjects  cag^riy  ami  suocassfiiH^^ 
And  m  I7!>5.  be  [mblished  a  Skeich  qfa 
hitrodiictUm  Into  Comparat'we  Anaftrmtn' 
triUi  Oiitri'ffMfi/ :  In  which  ha  attempts  ta  i^stalilub 
an  "  ostooloc^cal  tvpc/*  iQ  which  skeletons  of  al) 
animals  may  be  referred,  I  do  not  pretend  tbst 
Gothe's  anatomical  works  have  had  any  inilueace 
on  lh<^  progress  ol'  the  science  comparable  with  tliat 
which  ha^  been  exercised  by  the  labours  of  pn>- 
fessional  anatomists;  but  the  iugeuulty  and  raliM 
of  the  viewi^  which  tfaey  coDtained  was  ackoov- 
tedged  by  the  best  anthorities ;  and  the  oleanr 
introduction  and  application  of  the  pnnciple  of  dr- 
reloped  and  metamorphosed  symtuetiy  mav  be  datod 
trom  about  this  time.  Gothe  declares  that,  at  afi 
early  period  nf  these  speeiilatious»  he  was  eonvinccd* 
that  the  bony  head  of  beasta  is  to  be  denvcd  fron 
flix  vertebrK.  In  1S07,  Oken  published  a  •'Prft* 
gram"  On  thtt  Siffni/tcafioji  qf  tht  Bones  {/  tki 
ShiUt  hi  which  he  maiutaiiied  that  these  boor^ 
etjnivalent  to  four  vertebnc;  and  Meckel,  ia 
Coutparatitc  Anafot/n/j  in  1811.  also  resolred 
skull  into  vertebra?.  But  Spix,  iu  hia  clabonk 
work  C*qtha!/*ffejii'sist  in  1815,  roduced  tbe  vtirtatra 
of  tho  head  to  three-  "Okcn,"  ho  say4% 
Hghed  opinions  merely  tfaeoreticaK  and  rom»ei{U«ail^ 
contrary  to  tho&e  maintained  in  this  work,  wliich  ire 
drawu  from  observatioiL.'^  This  rcsolation  nf  tW 
bead  inio  vert*jbra'  is  a^sl.■^tcd  to  by  mnnv  of  tbr 
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pbvsiolo^ists  as  explaining  the  distribution  cf 
the  ncnes.  aud  other  phenomena.  Spix  furthtT 
estrmit'il  tho  application  of  the  vertebral  theory 
to  the  heaiis  of  all  classes  of  vetebrate  animals;  and 
Bojanus  published  a  Memoir  expressly  on  the  ver- 
tebral etructuro  of  the  skulls  of  fiBhea  in  Oken's 
Ifie  for  I^IS,  GeoSoy  Salnt-IIilaire  presented 
a  lithn^aphic  plate  to  the  French  A«idcray  in 
February  1624,  entitled  Cmitjws^it'wn  de  ta  TeU 
ogstfuse  diez  f/Jojume  et  Les  Animau^,  and  deve- 
loped his  vieTva  of  tho  vertebral  com[Ki3itioii  of  the 
skull  m  two  Mcr>oirs  published  in  the  Aunateis  de9 
Scienc&ff  Natiu-ellts  for  1824,  We  cannot  fail  to 
recoj^niar  here  the  attempt  to  apply  to  the  skeleton 
of  animals  th^j  ijriiidple  whieh  leads  botanists  to 
consider  all  tin;  parts  of  a  flower  aj4  trrnistbrma- 
tlons  of  the  same  organs.  How  far  the  application 
of  the  principle,  a^  here  pro[H>scd,  is  just,  1  must 
leave  philosophical  phvsioloj^&ts  to  decide. 

By  these  and  similar  researches,  it  is  held  by  the 
best  physiologists  that  the  skull  of  all  vertebrate 
animals  is  pretty  well  reduced  to  a  unifurm  structure, 
and  the  laws  of  its  variations  nearly  determined'. 

The  vertebrate  animals  bcirtg  thus  reduced  to  a 
Hngle  type,  the  question  arises  how  far  tliis  can  be 
done  with  regard  to  other  animals,  and  how  many 
such  types  there  are.  And  here  we  come  to  one  of 
the  important  services  which  Cnvier  rendered  to 
natural 


lory, 
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S€d.  2. — Distijictwn  q^  tfie  Gma-ai  Typee  ^  tH 
Formis  ^  AnbmU. — Cuner* 

Animals  were  divided  by  Laniarck  into  verlebrat' 
and  invertebrate;  aiid  the  geueral  an3lop;ii>s  of  all 
lerlebrate  animab  are  easiEy  made  inaDitefit,  Bui 
uith  regard  tii  4>t1ier  auimals,  the  (rouit  is  far  trom 
ele^r.  Cuvier  was  the  first  to  give  a  really  |>liil 
phical  view  oi"  the  animal  world  in  reference  to  th 
plan  on  wlitch  each  animal  is  constructed.  Tbei9 
are\  be  says,  four  such  plans  ;^four  forma  on 
which  nniuials  apiH^af  to  have  been  moduUed;  wu) 
of  which  the  ulterior  divisioas.  with  whatever  ti^ 
naturalists  have  decorated  them,  are  ouly  vcn 
slight  nuMlificationfi,  founded  on  the  dt;vclopenient 
or  addition  of  some  }>aTts  which  do  not  prodiicc 
any  essential  change  in  the  plan. 

Thege  four  great  branches  of  the  animal  wotIA 
are  the  rt'rtdy^rata^  tiwlhtsrUyarlintJaUi^  i*admtai 
and  the  differences  of  these  arc  so  important  that  % 
slight  explanation  of  tlium  may  bo  permillefl. 

The  tertehrata  are  those  animals  which  [as  mftti 
and  other  £ueklers«  birds*  tifihes,  Ihards,  frogis  wr* 
pentSf)  have  a  haek-bonc  and  a  sknil  with  lateral 
appendages  within  which  the  viaeera  arp  includeii, 
and  to  which  the  muscles  are  attached. 

The  mDllusca,  or  sofl  auluiah*  have  no  boav 

skeleton:   the  muscles  are  attached  to  lh«  bkia 

which   often   includes  stony  plates  called  BhJt$; 

'  Rigne  Animal^  ^.  Si's . 
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mich  molluscs  are  sbell-fish:  others  are  cuttle-fish. 
and  many  pulpy  sea-animals. 

The  articuhtta  ooiifiJst  of  a^ti?ti/reif,  (loljslers, 
&IX,)  ins^rtSj  ^piden^^  and  tiJittnlme  fronjis,  which 
cnnsifit  of  a,  head  anil  a  number  of  successive 
annular  portions  of  the  body  jointed  together,  (to 
the  interior  of  which  the  muscles  are  attached.) 
whence  the  name. 

Finally,  the  radlatn  include  the  animals  known 
under  the  namo  of  zooph^t^s.  In  the  preceding 
three  branches,  the  orgaus  of  motion  and  of  seuse 
were  distributed  symmetricaMy  on  the  two  sides  of 
an  axis,  so  that  the  animal  has  a  right  aud  a  left 
side.  In  the  radiata  the  similar  members  radiate 
from  the  axis  in  a  circular  manner,  like  the  petals 
■fa  regular  flower. 

The  whole  value  of  such  a  classification  cannot 
be  understood  without  explaining  its  use  in  enabling 
us  to  give  general  descriptions,  and  general  laws 
of  the  jLmmal  functions  of  the  classes  which  it  in- 
cludes; but  in  the  present  part  of  our  work  our 
business  is  to  exhibit  it  as  an  exemplification  of  the 
reduction  of  animals  to  laws  of  symmetry.  The 
bipartite  symmetry  of  tho  form  of  vertebrate  and 
articulate  animals  is  obvious ;  and  the  reduction  of 
the  various  forms  of  such  animals  to  a  common 
type  has  been  effected,  hy  attention  lo  their  ana- 
tomy, in  a  manner  which  has  satisfied  those  who 
have  best  studied  the  subject.  The  molluscs,  espe- 
cially those  in  which  the  head  disappears,  as  oysters, 
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or  those  which  are  rolled  into  a  spirnL  as  ^nuk 
bave  a  less  obvious  smmetry,  but  here  also  vrc  cm 
appl>  pertain  t^^uutrrai  types.  And  the  BymniL-lrT  of 
the  radiated  zoophytea  is  of  a  nature  quite  ditt'^rrat 
from  all  Iho  rest,  and  approaching,  as  we  hart 
su^esttHl,  to  the  kind  of  £;v-ninotrv  fuund  id  plaott. 
Some  naturalists  hare  doubted  whether*  thesv  £ix>- 
ph_vteR  iiTiy  not  reterrihlc  to  two  tvpes  {ficriia  or 
polypes,  and  true  raduita\  raiiier  than  to  one, 

ThiB  fourtbld  dinsion  wa^  introduced  by  Ci^ 
rier**^.  Before  him,  natnralists  t'oHowed  Linmimf; 
and  divided  non-vertehrate  animals  into  two  cl 
insects  and  worms.  *'I  began,"  says  Cuvier, 
attack  this  view  of  the  subject,  and  offered  anothfT 
diiifflou,  in  a  Memoir  read  at  the  Society  of  NiiturU 
History  of  Paris,  the  21  st  of  Floreal,  in  the  year  IH 
of  the  Republic,  (May  10,  17&5,)  printed  in  the 
Deccdfi  Philo^phique :  in  this.  I  mark  the  charac> 
tors  and  the  limits  of  molluscs,  ineeets  \sonn-s.  <^lil- 
noderms.  and  zoophytes.  I  di^tin^tbhed  the  rfrd- 
blooded  worms  or  annelidea,  in  a  Memoir  rea<i  td 
the  Institute,  the  11th  Nivose,  year  X.  (De^cembtr 
31.,  1801),  I  afterwards  distributed  these  different 
clasfies  into  three  branches,  oath  co-ordinate  to  U10 
t^raneb  formed  by  the  vertebrate  anjuials.  in  a  Mo* 
moir  read  to  the  Institute  in  July.  ISlti,  printed  in 
the  Annaks  du  Museum  d'UisUnm  Naturalie,  tom. 
xbL"  His  great  s}-fitematic  work,  the /jE^fi^^mnaa/, 
founded  on  this  distribution,  was  pnblishci)  in  IH17; 

•  Brit,  At»oc.  if^  iv,  227^  "  ir-ig-i-  Am,  «l. 
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and 


since  that  tiniL^  the  division 
pted  among  naturalists  (x). 


has  been  commonlv 


BtfCt.  3, — Attejiipts  to  esUMhh  the  Identity  qf  tJie 
Tppca  of  Animal  Forms. 

Supposing  this  great  step  in  Zoology,  of  which  we 
have  p;iren  an  account, — the  reduction  of  all  ani- 
mals to  four  tyjtes  or  ]>lans,— to  be  quite  secure,  we 
are  then  led  to  ask  whether  any  ftirther  advance  is 
possible; — whether  several  of  these  types  can  be 
referred  to  one  common  form  by  any  wider  effort  of 
gRnoraliiyition.  On  this  rjnrKtion  there  hfts  been  a 
considerable  difference  of  opinion.  Gcoffroy  Saint- 
Hilwre",  who  bad  previously  endeavoured  to  show 
that  all  vertebrate  animals  were  constructed  so 
actly  upon  the  same  plan  as  to  preserve  the 
ictest  analogy  of  parts  in  respect  to  their  osteo- 
logy, thought  to  extend  this  unity  of  plan  by  demon- 
strating, that  the  hard  parts  of  crustaceans  and 
sects  are  still  only  modifications  of  the  skeleton 
f  higher  animals,  and  that  therefore  the  t}'pe  of 
vertebrata  nmst  be  made  to  include  thera  also: — 
the  s^nents  of  the  articulata  are  held  to  l^p  strictly 
analogous  to  the  vertebra?  of  the  higher  animals,  and 
thns  the  former  live  ^ithitt  their  vertebral  column 
in  the  same  manner  a;*  the  latter  live  ^rlthonf  it. 
Attempts  have  even  been  made  to  re<luce  niollus- 
rousand  vertebrate  animalf^  toa  eommoEity  of  type 
US  we  shall  see  shortly. 

'  Mt.  Jenpin,  Brit.  Ataoc.  Rep.  iv.  150. 
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Another  apjilicalion  of  the  prlncipJc.  accordiuj; 
to  whieli  creatures  the  most  <.lifferent  are  ilevelop"> 
meats  of  the  same  ori^ina}  tyjie,  ma/  lie  discorni'd'' 
in  the  doctrine,  that  the  embryo  of  the  higlwr 
forms  of  animaL  life  passes  hy  graUations  through 
those  forms  whidi  are  permanent  In  inferior  ani- 
mals. Thus,  acL'ordiug  to  this  vit^Wy  the  liiuujui 
fmtiis  assumes  auceessivelv,  the  plan  of  th*^  zoo- 
phyte, the  worm,  the  fish,  the  tiirtlc,  the  bird,  thu 
beast.  But  it  has  been  well  observed,  that  -  in  lh«e 
analogies  we  look  in  vain  for  the  precision  which 
can  alune  support  the  iiiferciiee  that  lias  been  i)e- 
duced"  ;'*  and  that  at  each  stop,  the  higher  ernhng 
and  the  lower  anima!  wliieh  it  is  supposed  to  re- 
semble, differ  in  having  each  different  organs  lultM 
to  tlietr  respective  dost i nations. 

Cuvier"  never  assented  to  this  view,  uur  to  the 
attempts  to  refer  the  different  divisions  of  liis  s;^'stem 
to  a  common  typo,  "lie  coulJ  not  aduiit,"  says  ha 
biographer,  "that  the  lungs  or  gills  uf  the  verte- 
brates are  iu  the  same  coiiuexion  as  the  branchbc 
of  molluscs  and  cnistaeoans,  which  in  the  ono  are 
situated  at  the  base  of  the  feet,  or  R:ted  on  the  feet 
themselves,  and  In  the  other  ofleu  on  the  boek.  ot 
about  the  arms.  He  did  not  admit  the  analog 
jtweea  the  skeleton  of  the  verti*brates  and  the 
dn  of  the  articulates;  he  eeuld  not  believu  thftt 
the  taenia  and  the  ^cpia  were  constructed  on  the 

■*  IjiurinflriJ,  Eiog.  rfr  Ciivitr,  p,  flfl. 


I 


PROGRESa  OF  ANIMAL  MORPHOLOGY.     497 

CamG  plan ;  that  there  was  a  RLmilarity  of  composi' 
tion  between  the  bird  aoi:!  the  echinus,  the  whale 
and  the  snail ;  in  spito  of  the  skill  with  which  some 
persons  sought  gradually  to  efface  their  discre- 
pancie»i/* 

Whether  it  may  be  possible  to  establish,  among 
the  four  great  divisions  of  the  "Animal  Kingdom," 
some  analogies  of  a  higher  order  than  those  wbich 
prevail  within  eacli  division,  I  do  not  pretend  to 
conjecture.     If  this  can  be  done,  it  is  clear  that  It 
must  be  by  comparing  the  types  of  these  divisions 
der  their  most  general  forms :  and  thus  Cuviei^s 
arrangemeDt,  so  far  as  it  is  itself  rightly  founded  on 
the  unity  of  composition  of  each  branch,  is  the 
surest  step  to  the  discovery  of  a  unity  pervading 
j     and  uniting  these  branches.    But  though  those  who 
generalize  surely,  and  those  who  generalize  rapidly, 
I     may  travel  in  the  same  direction,  they  soon  sepa^ 
^bte  so  widely,  that  they  appear  to  move  from  each 
^Tklher.     Tlie  partisans  of  a  universal  "  unity  of  com- 
position" cf  animals,  accused  Cuvier  of  being  too 
inert  in  following  the  progress  of  physiological  and 
^pbological    science.      Borrowing   their  illustration 
1    from  the  political  parties  of  the  times,  they  asserted 
that  he  belonged  to  the  science  of  the  resli^tance, 
rot  to  the  science  of  the  moreitumi.    Such  a  cliarge 
was  highly  honourable  to  him  ;  for  no  one  acquainted 
with  the  history  of  zoology  can  doubt  that  he  had  a 
great  share  in  the  impulse  by  which  the  ''move- 
ment" was  occasioned;  or  that  he  liimself  made  a 

VOL.111.  Kk 
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lai^o  advance  with  it ;  and  it  wafi  because  ho 
so  poised  by  the  vast  mn'sa  of  his  kDow]edgii\  fio^ 
ton^lieratc  in  his  lovo  of  duubttui  gcner&Jizatioos, 
that  ho  was  tiot  swept  on  m  the  >v  ijdcr  part  of  tht 
stream.  To  such  a  charge,  moderate  refonneiK 
who  appreciate  the  value  of  the  good  which  exists, 
though  they  try  to  makd  it  better,  and  who  know 
the  knowled^,  thoughtful iie&s,  and  caution^  uhich 
arc  needful  in  such  a  tafik,  aro  uaturtdly  exposed. 
For  UB,  who  can  onl;  decide  on  such  a  subject  b^ 
the  general  analogies  of  the  history  of  science  It 
may  suftice  to  say,  that  it  appears  doubtful  whether 
the  fimdaDiental  conceptions  of  aitinity,  osalogr. 
transition,  and  devi^iopemeut,  have  yet  beeu  fixed  tu  , 
the  minds  of  physiok>gi5ts  with  sufficient  firroods  j 
and  cfoamcEs,  or  unfolded  with  sufficient  TOnsisteucj  I 
and  generality,  to  make  it  likely  that  any  great 
afiditioual  step  of  this  kind  can  for  some  timu  b* 
made. 

Wo  have  here  considered  the  doctrine  of  thv 
identity  of  the  seemingly  various  types  of  aninia] 
structure,  as  an  attempt  to  extend  the  correspond- 
encies which  were  the  basis  of  Cuviers  divi^on  of 
the  aiiimal  kingdom.  But  this  doctrine  haa  beea 
put  forwards  in  another  point  of  view,  as  the  anti- 
thesis to  the  doctrine  of  final  causes.  Tliis  c]u«s- 
tion  is  so  important  a  one,  that  we  cannot  h^p 
attempting  to  give  scmuo  view  of  it«  sizta  aod 
Iwarings. 


CHAPTER  VIIL 
The  Doctrine  of  Final  Caubea  in  Physiology, 


Sect.  L- 


'Aseet'iioti  of  Ifw  Principle  qf  Unity 

qf  Plan. 


^B^TIT^  httvo  repeatedly  seen,  in  the  course  of  our 

f  f    historical  view  of  physiology,  that  those  who 

have  studied  the  structure  of  animals  and  plants, 

r|iav6  had  a  cooriction  forced  upon  them,  that  the 
brgans  are  constructed  and  combined  In  subser- 
vieDce  to  the  Mj  and  fuHctioDs  of  the  whole.  The 
j^^arts  huv42  a  j»iir]>OKe,  as  well  as  a  law  ; — we  can 
^^^ace  final  causes,  as  well  as  laws  of  causation.  This 
^LriDciplo  15  peculiar  to  physiology;  and  it  might 
^naturallj  be  enpectod  that,  in  the  progress  of  the 
I  science,  it  would  come  under  sjiecial  consideration. 
This  accordingly  has  happened;  and  the  principle 
has  been  dran-n  into  a  prominent  position  by  the 
stru^lo  cf  two  antagoni^  schools  of  physiologists. 
On  the  one  hand,  it  has  been  niainlaincd  that  this 
^Boctrine  of  final  causes  is  altc^ether  unphilosophi- 
^Bal,  and  requires  to  be  replaced  by  a  more  compre- 
hensive and  profouod  princi]>le :  on  the  other  hand, 
it  is  asserted  that  the  doctrine  is  not  only  true,  but 
that,  in  our  own  time,  it  has  been  fixed  and  deve- 
loped so  as  to  become  the  instrument  of  some  of 
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the  most  importaiit  dij^coveries  which  hare  httn 
made.  Of  the  views  of  these  two  schools  we  must 
eodeavcmr  to  give  some  account. 

The  disciples  of  the  former  of  the  two  schools 
express  their  tenets  by  the  phrases  unii^f  of  plan, 
tmitp  of  compoifilion  ;  and  the  more  detailed  deve- 
lopciDcnt  of  these  doctrines  has  been  termed  the 
Thcorp of  Analoffties,  by  GeoffroySaint-llilaire,wlio 
claims  this  theory  as  bts  own  creation.  According 
to  this  tlieory,  the  structure  and  functions  of  animals 
are  to  be  studied  by  the  guidance  of  their  aoalogj 
only;  our  attention  is  to  be  turned  not  to  the  fit- 
ness of  the  organization  for  any  ond  of  life  or  action, 
but  to  its  resemblance  to  otlicr  organisations  hj 
whicli  it  is  ^adually  derived  from  tho  original  type. 

According  to  the  rival  view  of  this  subject,  we 
must  not  assume,  and  cannot  establish,  that  tbe  plaa 
ol'all  animals  is  the  same^  or  their  composition  suni- 
lar.  The  existence  of  a  single  and  universal  system  of 
analogies  in  the  construction  of  aU  animals  is  enUrely 
unproved,  and  therefore  cannot  be  made  our  guide 
in  the  study  of  their  properties.  On  the  other  hand, 
the  plan  of  the  animal,  the  purpose  of  its  organiza- 
tion in  the  support  of  its  life,  the  necessity  of  the 
functions  to  its  existence,  are  truths  which  arc  irre- 
sistihly  apparent,  and  which  may  therefore  be  safely 
taken  as  the  bases  of  our  reasonings.  This  view  has 
been  put  forwards  as  tho  doctrine  of  the  condilifms 
f^f  &xiet^ic&;  it  may  also  be  described  as  the  prin- 
ciple of  a  purpose  iii  organization;  the  structure 
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ing  considered  as  having  the  function  for  its  end. 
We  must  say  a  few  words  on  each  of  these  views. 

It  had  been  pointed  out  hy  Cuviit,  as  wo  have 
seen  in  the  lii^t  chapter^  that  the  animal  kiDgdoui< 
may  be  divided  into  four  great  branches  ;  in  each  of 
bich  the  plan  of  the  animal  is  differeat,  namely, 
TertebratOt  artictdfita,  mcllusca,  rad'tata.     Now  the 
question  naturally  occurs,  is  there  really  no  resem- 
blance  of  construction  in  these  iliftcrent  classes? 
It  was  maintained  by  some,  that  there  is  such  & 
resemblance^      In   1820\    M-    Audoulu,    a    young 
naturalist  tif  ParLs,  endeavoured  to  till  up  the  eliasm 
'hich  separates  insects  from  other  animals ;  and  bv 
'examining  carefiilly  the  portions  whicb  compose  the 
solid   frame-work    of  insects*   and  following  them 
through  their  various  trausformatious  iu  diffireut 
[,    clasaes,  he  conceived  tliat  ho  funnd  relatious  of  posi- 
^hon  and  function,  and  often  of  niimher  and  form, 
Fwhieh  might  be  compared  with  the  relations  of  the 
I     partu  of  the  skeleton  in  vertebrate  uuimals.      Ho 
thought  that  the  first  segment  of  an  insect,  the  head", 
represents  one  of  the  tliree  vertebne  which,  aceord- 
LiagloSpix  and  others,  compose  the  vertebrate  head : 
^Hie  second  segment  of  the  injects,  (the  fH'othoTc/x  of 
I     Audouin,)  is,  acconling  to  M.  Geotfroy,  the  second 
I     vertebra  of  the  head  of  the  vertebrata,  and  so  on, 
I     Upon  this  speculation  Cuvier^  does  not  pve  any 
decided  opinion;  observing  only,  that  even  if  false, 
^t  leads  to  active  thought  and  useful  research. 
'  Cnv,  UUt.  Sc.  Nfl/.  iii,  122.        '  lb.  437,        *  'Ij-  ^1- 
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Bui  when  an  att(*ni|)t  was  furihor  mode  to  ii 
tiiy  the  plan  of  another  branch  of  the  unimal 
the  mollusca,  with  that  of  the  vertebrata,  the 
oppofiitiou  between  such  viewf^  and  those  ofCuvict 
broke  out  into  an  animated  eontroversv. 

Two  French  anatomists,  MM.  Laurencet  ud 
Meyranx.  presented  to  the  Academy  of  Scieficti 
in  1830,  a  MeoiDir  containing  their  viows  on 
organization  of  moHnseous  animals;  and  on  tho 
or  cuttle^tiah  in  particular,  as  one  of  the  moi^  00i5> 
plete  examples  of  such  animus.  These]  cr^timt 
mdccd,  though  thus  platted  in  the  same  divi^on  widi 
shell-Rsit  of  the  most  defective  organization  aai 
obscure  structure,  are  far  from  being  scantily  Ofgv- 
ized.  They  have  a  brain',  often  eyes,  and  tbePS 
in  the  animats  of  this  class  {tephnhpoda)  ftr^  more 
complicatpd  than  in  any  vertebrates';  the-y  hA»c 
flometimes  ears,  salivary  glands,  multiple  stomacH 
a  ccffiEiderable  Jiver,  a  blk^  a  comploto  douhle  c-tmi- 
lation,  provided  with  auricles  and  ventrrcirs;  in 
short,  their  vital  activity  is  ^nguroua,  and  thm 
senses  are  distinct- 

But  still,  though  this  organization,  in  the  alitu- 
dance  and  diversity  of  its  partea,  approaches  that  of  j 
vertebrate  aiitnials,  it  had  not  been  conddered  a« 
composed  in  the  i^ame  manner,  or  amnged  in  the 

*   GoifFro^  ^nt-lliluro  d^rnca  titia.      Pr'mciptM   Je   PU, 
Xatitt^ijue  diicnUr  art  1^0,  p.  liR. 
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16  order.   Cuvier  had  always  maintained  that  the 

Ian  of  molluscs  is  not  a  continuation  of  the  plan 
vertebrates. 

MM.  Laurencct  and  Meyranx,  on  the  contrary, 
conceived  that  the  sepia  might  be  reduced  to  the 

t]e  of  a  vertebrate  creature,  by  considering  the 
ck-bone  of  the  latter  bent  double  backwards,  so 
to  bring  the  root  of  tlie  tail  to  the  nape  of  the 
neck ;    the  parts  tfius  brought  into  contact  being 
supposed  to  coalesce.    By  thjs  mode  of  conception, 
^■heseanatoiuists  held  that  the  viscera  were  placed  in 
^be  same  connexion  as  in  the  vertebrate  type,  and 
^^lie  functions  exercised  in  an  analogous  manner. 
^H      To  decide  on  the  reality  of  the  analogy  thus 
^&Bsertedf  clearly  belonged  to  the  jurisdiction  of  the 
most   eminent  anatomists  and  pliy biologists.     The 

Iltemoir  was  committed  to  Geoflfroy  Saint-Hilaire 
■nd  Latreille,  two  eminent  :?oologists,  in  order  to  be 
reported  on.  Tlicir  report  was  extremely  favour- 
able ;  and  went  almost  to  the  length  of  adopting 
^^e  views  of  the  authors. 

^M  Cuvier  expressed  some  dissatisfaction  with  this 
^■eport  on  its  bciiig  read';  and  a  short  time  nfter- 
^P^rds^  represented  Geotfroy  Saint^Hiiaire  as  ha'ving 
asserted  that  the  new  views  of  Laurencet  and  Mey- 
rani  refuted  completely  the  notion  of  the  great 
^interval  which  exists  between  molluscous  aud  verte- 
Hbrate  animals.  Geoffi'oy  protested  against  ^such  an 
interpretation  of  his  expressions;  but  it  soon  ap- 
•  frwc  de  PkU.  Zool.  dhcuih  w  IB30,  p.3«.  '  p.  60. 
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peared,  bjtbe  controversial  character  which  the  di** 
cusslons  on  tliis  and  several  other  subjects  asfiumed, 
that  a  rea.L  opposition  of  opinions  was  in  Action- 

Without  attempting  to  explain  the  exact  vievsof 
Geoffroy,  (we  may,  perhaps,  venture  to  say  that  th*y 
arc  hardly  yet  generally  understood  with  sufReient 
distiuctuess  to  justify  the  mere  historian  of  scieucu 
in  attempting  sueli  an  explitnation,)  their  gicnenl 
tendency  may  be  sufficiently  collected  from  what 
has  been  said;  and  from  tho  phrases  in  which  his 
views  are  conveyed'.  The  jtrinciple  of  conne^oni, 
the  ehrtieif  acuities  of  organic  elewicTtU,  the  tquUi^ 
Inzatfati  qforffniis: — such  are  the  designations  oC 
the  leading  doctrines  which  are  unfolded  in  the  pr^ 
limioary  discourse  of  his  Anatommd  Phitosaphy, 
Elective  affinities  of  organic  elements  are  the  force* 
by  which  the  ntal  structures  and  varied  fomUf  of 
living  things  are  produced;  and  the  principles  of 
connexion  and  equilibrium  ai  these  forces  in  the 
various  parts  of  tlie  organization,  prescribe  limits 
and  conditions  to  the  variety  and  developement  of 
such  forms. 

The  character  and  tendency  of  this  philosophy 
will  be,  I  think,  much  more  clear,  if  we  consider 
what  it  cxcludt'fl  and  denies.  It  rejects  altogether 
all  conception  of  a  plan  and  purpose  in  tho  orgaaa 
of  animals,  as  a  principle  which  has  deteruuned  thedr 
forms,  or  can  be  of  use  in  directing  our  rcasun* 
iugs.  *'!  take  care,"  says  Geoffrey.  "  not  to  aaciibe  to 
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rod  Any  intentionV    And  when  Cuvier  speaks  of 
the  cciuhinalion  of  organs  in  each  order  that  they 
may  be  in  consbteni^e  with  tlie  part  which  tlie  aiii- 
mal  has  to  play  in  nature^   his  rival  rejoin3^^  I 
know  nothing  of  animals  which  hare  to  play  a 
part  in  nature."     Such  a  notion  is,  he  holds,  unphi- 
■A>sophical  and  d.-iTtgerous.     It  is  an  abuse  of  iinal 
^■anses  which   makes  the  cause  to  be  engendered 
^By  the  efTeet.     And  to  illustrate  still  further  his 
^||}iwn  view,  he  says,  "1  have  read  concerning  fishes, 
that  because  they  live  in  a  medium  which  resists 
more  than  air,  their  motive  forces  are  calculated  ^o 
as  to  give  them  the  power  of  progression  under 
those  circuiUKtancea.     By  tliis  mode  of  reasoning, 
you  would  say  of  a  mau  who  makes  use  of  crutches, 
that  he  was  origmally  destined  to  the  misfortune  of 
having  a  leg  paralyzed  or  amputated." 
^L      How  far  this  doctrine  of  uuity  in  the  plan  in 
animals  is  admissible  or  probable  in  physiology  when 
kept  within  proper  limits,  that  is,  when  not  put  in 
I      opposition  to  the  doctriiio  of  a  purpose  involved  in 
I      the  plan  of  animals,  1  do  not  protend  even  to  con- 
jecture.   The  question  is  one  which  appears  to  he 
I     at  present  deeply  occupying  the  minds  of  the  most 
HIearned  and  profound  physiologists;  and  such  persons 
^alone,  adding  to  their  knowledge  and  zeal,  judicial 
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•  "  Jo  me  garde  de  prlter  a  Diflu  aucuDO  mtfotion." 
Zoot.  10. 

^'*  "  Jc  nc  connalfl  ptunt  d'^niinol  qui  Dcirsjouer  un  rule  duia 
In  nature-"  p.  65. 
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jEMgwdtT  and  impArtialitv.  caa  tell  us  whtf  «  fa 
gmenJ  tendency  of  the  bestreseardiM  im  Akn^ 
ject'^  But  «hf?n  the  nuatomlst  cxprefiMs  wmk 
opinlona;  and  defends  them  b_v  such  iJlustratMU  m 
tho9^  which  1  have  just  tjuotod",  we  pon^tve  thit 
hci  f|aits  th«  GatrenchmeDts  of  his  superior  sofwtt, 
in  which  he  might  have  rematiicrl  una 
lonf  as  the  queftion  was  a  profe^ional  one; 
iha  dbeu^ioD  h  open  to  thos«  who  poesesa  no  pecu- 
liar kiio«r1e«^  of  anatomv.  We  shalL  thmAn 
venture  to  say  a  few  words  upon  it. 


&Et  2.—EttimaU  t/the  Doctrine  t/  Unitp  qfPlaM. 

It  ba<3  been  so  often  rf^atcd,  ami  so  getit^ndly 
allowed  in  modem  times,  that  £jia]  causes  ougbl 
not  to  be  made  our  guides  in  naturjil  phUonophir, 
that  a  prejudrei^  has  been  establishi.Hl  agaiust  th* 
introduction  of  any  views  to  which  this  de^gnotroa 
can  be  applied,  into  physical  ^peculations.     Yet  in 

"  So  far  ju  r}ii9  docttiDe  U  j^EUfluHj  iKcpt^  amoii^  tht 
|)hyBtaIuguti,  wo  cjuuiot  doubt  the  ympnelj  tit  MtxXfY* 
nuk^  (Comparative  Anatmty^  1831,  Vivt  p^  id.)  that  it  O^wat 
bo  tnJy  «aKTtod  lAthet  to  he  w,  or  to  Iw  pvculiiu-lj  dm  1« 
tkoHKiy  Saint- Ukhitu. 

"  U  K  hudly  worth  ivhiTo  uiswrHng  ndi  tUnttnAkimt  bob 
I  ttiynmvk,  tlmt  the  gdc  quoted  kbuTP,  inclBrint  ud  ntihfc 
■6aii>g  u  it  iiv  t«Qa  Alfng^hot  4guiiBt  itM  .iiithDr,  Tlio  Cui  tUt 
tha  woodOD  log  is  or  the  huhg  length  aa  tlio  otti^.  pftitti^  wvl 
•WiU  ««liarytli«  nioflb  ioGlv^ubuii  nitiii«  IhJU  iC  «<«•  Utfwdid 
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'feet  the  assumption  of  an  end  or  purpoao  in  tho 
structure  of  urgaui/od  beings,  appears  to  be  an 
intellectual  habit  which  no  efforts  can  cast  oE  It 
has  prevailed  from  the  earlier  to  the  latest  ages 
of  zcHilo^'ical  re^arch;  apj^ears  to  be  fastened  upon 

Ills  nlikc  by  our  ignorance  and  our  knowledge ;  and 
has  be^n  formally  accepted  by  so  many  great  ana- 
tomists* that  we  cannot  feel  any  scruple  in  believ- 
ing the  rejection  of  it  to  bf?  the  superstition  of  a 
»lal9G  philosophy,  and  a  result  of  the  exaggeration 
Df  other  principles  which  are  supposed  capable  of 
superseding  its  use.  And  the  doctrine  of  unity  of 
plan  of  all  anintalRr  and  the  other  principles  aas^ 
^^ciated  with  thi.s  doctrine,  m  fur  as  they  exclude  the 
"conviction  of  an  tnleiligible  soheme  and  a  diflcover- 

Iable  end,  in  the  organization  of  animals,  appear 
to  Ih)  utterly  erroneous.  1  will  offer  a  few  reasons 
for  an  opinion  which  may  appear  presumptuous  in 
m  ^Titer  who  iias  only  a  general  Itnowledge  of  the 
subject, 
1 .  In  the  first  place,  it  appears  to  me  that  the 
i  argumentation  on  the  case  in  question,  the  sepia, 
^B  does  by  no  uteans  turn  out  to  the  advantage  of  the 
Hnew  hyiiothesiH.  Tlie  arguments  in  support  of  the 
H  hypothetical  view  of  the  rtructurc  of  this  mollusc 
Hwere,  that  by  this  view  the  relative  position  of  the 
1^  parts  was  explained,  and  con9nuations  which  had 
appeared  altogctJier  anomalous,  were  reduced  to 
rule;  for  example,  the  beak,  which  had  been  sup- 
posed to  be  10  a  position  tlie  reverse  of  all  other 
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beaks,  wQs  shown,  by  the  ftssumed  pofiture,  to  hgrt 
its  upper  mfiiidiblc  longer  than  tho  lower,  and  tlius 
to  be  regularly  placed.  '*  But, '  says  Cuvier",  "sup- 
posing: the  posture,  in  order  that  the  side  on  which 
the  funnel  of  the  scpia  is  folded  should  be  ttie  back 
of  the  animal,  considered  as  siniiJar  to  sl  vertebrste; 
the  brain  witli  regard  to  the  beak,  and  the  ceao- 
phagus  with  regard  to  the  liver,  should  have  posi- 
tions corresponding  to  those  in  vertebrates;  but 
tbe  positions  of  these  organs  are  exactly  oontruy 
to  the  hypothesis.  How.  then,  can  you  say,"  be 
asks,  ''that  the  cephalopcds  and  vertebrates  have 
identittf  irf  cQmjfositwn^  unity  qf  compoghiony  with- 
out \mn^  words  in  it  sense  entirely  dii^rent  from 
their  common  meaning?" 

This  argument  appears  to  be  exactly  of  the 
kind  on  which  the  value  of  the  hypothesis  mujt 
depend".  It  is,  therefore,  interesting  to  see  the 
reply  made  to  it  by  the  theorist.  It  is  this:  "1 
admit  the  &cts  here  stated,  but  1  deny  that  tbey 

"  1  dt  not  dwell  on  utbui  ^rguniDnts  wliJth  wen  cnplofvd. 
It  wafi  frlvea  as  a  circutaulanca  mggrel^ng  Lfao  snppiiscd  popluro 
of  ihv  tjpo,  that  in  this  way  tho  back  wbd  colenrcd^  And  ibe 
belly  WSJ  1^'1lito.  On  Una  Cuvier  obwrru^^,  "  T  moat  tav,  that 
1  Uo  not  knum  any  ngtnrAliat  bo  ignorant  S3  to  suppose  tliiU  Uie 
Wi-k  U  dett(i]ij[itfi  by  its  JurL  cubar,  or  flrcn  by  tU  pudtntt 
when  ibti  iLmaiEil  la  in  niotion ;  tiKry  otl  knaw  tbat  tlie  badfi^r 
lion  a  bbu;k  Ifolly  and  a  whitu  baiik;  ihn  on  ioiuiity  uf  viltv^ 
viiaiitU,  mpeuukUy  tutiun^  instictii,  aio  in  the  uuua  C41M  ;  tad 
Ibit  manytialjca  gwim  on  ihoir  aide,  nr  wilh  their  bcHy  np^wds.' 
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e&d  to  the  rotion  of  a.  different  sort  of  aninial  com- 
po^tion.  Molluscous  animals  had  been  placed  too 
liigh  in  the  zoological  scale ;  but  if  they  are  only 
the  embryos  of  its  lower  stages,  if  they  are  only 
beings  in  which  far  fewer  or^ns  come  into  play,  it 
does  Dot  follow  that  the  organs  are  destitute  of  the 
TelatioDS  which  the  power  of  successive  generations 
niay  demand.  The  organ  A  will  bo  in  an  uuiLsual 
relation  with  the  organ  C,  if  B  has  not  been  pro- 
duced;— if  a  stoppage  of  the  developement  has 
&llen  upon  this  latter  organ^  and  has  thus  pre- 
ented  its  production.  And  thus,^  he  says^  "we 
see  how  we  may  have  different  arrangements,  and 
divers  constructions  as  they  appear  to  the  eye  " 
It  seems  to  me  that  such  a  concession  as  this 
arely  destroys  the  theory  which  it  attempts  to 
defend ;  for  what  arrangement  does  the  principle  of 
unity  of  composition  exclttd^,  if  it  admits  unusual, 
that  is,  various  arrangtmtuts  of  some  organs,  ac- 
companied by  the  total  absence  of  others?  Or  how 
does  this  difler  from  Cuvier's  mode  of  stating  the 
conclusioQ,  except  in  the  introduction  of  certain 
arbitrary  hypotheses  of  develo|ieiTient  and  stoppage. 
**!  reduce  the  facts,"  Cuvior  says,  "to  their  true 
expression,  by  saying  that  cephalopoda  have  several 
organs  which  are  common  to  them  and  vertebrates, 
and  which  discharge  the  same  ofBces;  but  that 
these  organs  are  in  them  diflerently  distributed,  and 
often  constructed  in  a  different  manner;  and  they 
are  accompanied  by  several  other  organs  which 


MO 


Ult^rUKV  OF  PHYSIOLOGY. 


vertebrates  have  not;  while  these  on  the  o^erbBnd 
have  several  ^hich  are  wauting  in  c^phalopods." 

We  shall  seti  aft^nvanle  the  gtinoral  pruidpla 
which  CuvIlt  himself  comdered  as  the  beat  guidtt 
in  these  reaaooings.  But  I  will  first  add  a  fe« 
words  ou  the  disposition  of  the  school  now  luukr 
coiisidi^ ration,  to  reject  all  assumption  of  an  end, 

2,  That  the  parts  of  the  bodies  of  ammalB  in 
made  in  order  to  discharge  their  respective  oScci 
is  a  conviction  which  wo  cannot  bolicve  to  be  othei^ 
wiae  IhuTi  an  irroniovablc  principle  of  the  philo- 
sophy nf  or^ni/jitioTi,  when  we  see  the  manner  in 
which  it  has  constantly  forced  itself  upon  the  mindi 
of  zoolopsta  and  anatomists  ia  all  ages;  not  cmiy 
ag  an  infcrcniv,  but  as  a  guide  whoMj  indicatiou» 
they  cnuld  not  help  foUowItkg.  1  have  alreti^ 
noticed  expressions  of  ibis  conviction  in  9omo  of 
the  principal  persons  who  occur  in  the  history  of 
physrolog;y,  as  Galen  and  Ilarvty,  T  miglit  add 
many  more,  but  I  will  coutent  myself  with  adduc- 
ing a  contemporary  of  Geoflroy's,  whose  testiraonj 
is  the  more  remarkable,  because  he  obviously  shares 
with  liis  countryman  in  the  common  prejudice 
Against  the  use  of  final  causes,  '*!  consider,"  lie 
says,  in  speaking  of  the  provisions  for  the  rtpr<v 
duction  of  a1UIuals'^  "with  the  great  Bacotu  tba 
philosophy  of  fin;d  cau^ea  as  sterile ;  but  I  hatij 
elsewhere  acknowledged  that  tt  was  very  diflicull 
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for  the  most  cautioua  man  never  to  have  recourse 
itp  them  iQ  his  explanations."  After  the  survey 
which  wo  have  bad  to  take  of  the  history  of  physio- 
Ic^,  wo  cannot  but  sec  that  tho  assumption  of  final 
causes  in  this  branch  of  science  is  so  far  ti'om 
being  sterile,  that  it  has  had  a  large  share  Id  every 
discovery  which  is  Included  in  the  existing  mass  of 
real  knowledge.  The  use  of  every  organ  has  been 
discovered  by  starting  from  the  assumption  that  it 
must  have  soth^  use.  The  doctrine  of  the  circula- 
tion of  the  blood  was,  as  we  have  seen,  clearly  and 
professedly  due  to  tho  persnasion  of  a  purpose  in 
the  circulatory  apparatus.  The  study  of  compara- 
tive anatomy  is  the  study  of  the  adaptiou  of  animal 
structures  to  their  purposes.  And  wo  shall  toon 
have  to  show  that  this  conception  of  final  causes 
^lia9,  in  our  own  times,  been  so  far  from  barren,  that 
it  has,  in  tho  hands  of  Cuvier  and  others,  enabled  us 
to  beconjo  intimately  aetjuajntcd  with  vast  depart- 
ments of  zoology  to  which  we  have  no  other  mode 
of  access.  It  has  placed  before  us  in  a  complete 
ctate^  animals,  of  which,  for  thousands  of  years,  only 
jA  few  fragments  have  existed,  and  which  dilfer 
widely  from  afl  existing  animals;  and  it  has  given 
birth,  or  at  least  has  given  the  greatest  part  of 
its  importance  and  interest,  to  a  science  whicli 
forms  one  of  tiie  brightest  parts  of  the  modem 
progress  of  knowledge.  It  is,  therefore,  very  far 
from  being  a  vague  and  empty  assertion,  when  we 
say  that  iinal  causes  are  a  real  and  indestructible 
element  in  zoological    philosophy;  and   that  the 
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PXcUisioQ  of  thpm,  as  attempted  by  the  school  rf 
which  we  speak,  is  a  fundamenUl  and  most  mU- 
chievoufl  errour, 

3.  Thus,  though  the  physiologist  may  persuade 
himself  that  he  ought  not  to  refer  to  final  oauaes, 
v:e  find  that,  practically,  he  cannot  help  doing  this; 
and  that  the  c^vent  shows  that  his  practical  habit  'a 
ripht  and  well-founded.  But  he  may  still  cling  to 
the  speculative  difficulties  and  doubts  in  which  such 
subjects  xoay  be  involved  by  a  priori  oonsiden- 
tions.  lie  may  say,  as  Saint-llilaire  does  say'^,  ''I 
ascribe  no  Intentioa  to  God,  for  I  mifitrust  the 
feeble  powers  of  my  reason,  1  observe  facts  merely, 
and  go  no  further.  I  only  pretend  to  the  charao- 
ter  of  the  historian  of  fpftat  is''  *I  cannot  make 
nature  an  Intelligent  being  who  does  nothing  in 
vain,  who  acts  by  the  shortest  mode,  who  does  iJI 
for  the  best " 

I  am  not  going  to  enter  at  any  length  into  this 
subject,  wliich,  thus  considered,  is  metaphysical  anJ 
theological,  rather  than  pbysiologicah  if  any  one 
maintain,  as  some  have  maintained,  that  no  mani- 
festatiou  of  means  apparently  used  for  ends  to 
nature,  *ww  prove  the  exifitence  of  design  in  the 
Author  of  nature,  this  is  not  the  place  to  reRili? 
such  an  opinion  in  its  general  form.  Dut  1  think  tt 
may  he  worth  while  lo  show,  that  even  those  who 
incline  to  such  an  optnion,  still  cannot  resiKt  the 
neceerity  which  compels  men  to  assuroe>  in  organ-* 
ized  belng.s  the  existence  of  an  end, 

"  J*hit  Zaci.  p,  10, 
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Among  lliL'  jiliildsiijihri'?!  who  liavi?  roferrr'il  <iur 

inviclii^n  of  the  being  of  God  to  our  moral  nature^ 

md  have  deiiied  the  possibilhv  of  demonstration  on 

I  mere  physical  groimtis,  Kant  is  perhaps  the  most 
eminent  Yet  he  has  asserted  tho  realitj'  ofsiieh  a 
princi|ilL»  oF  phy^iflogj  as  we  are  now  maintaining 
in  the  most  emphatic  manner,  indeed*  this  assunjp- 
tion  of  an  end  makes  his  very  definition  of  an  or- 
inized  l^^in;;.  "  An  organized  proii^n.'t  of  natnn*  is 
tat  in  which  all  the  parts  are  mutuHlly  ends  and 
leans""  And  this,  he  savs.  is  a  universal  and 
iGcessary  maxim.  He  adds,  "It  is  well  known  that 
tho  anatomizers  of  plants  and  animals,  in  order  to 
investigate  their  strnclure,  and  t*)  oldain  an  insight 
into  the  grounds  why  and  to  what  end  such  parts, 
I  ?rhjr  such  a  situation  and  connexion  of  the  parts, 
and  exactly  such  an  intJTnal  form,  come  hiifore  tlieni. 
[  assume,  ns  iiidispcOH^hly  iieccsKarv,  thin  ma\im,  that 
^■in  sucli  a  creature  nothing  is  in  rain^  an(]  proceed 
^^upon  it  in  the  same  way  in  which  in  general  natu- 

fral  philoMtphy  we  pn»ceed  upon  the  principle  that 
%nlhi-rnj  hitpfn^tit  htf  rJtanc^'.^  In  fact,  they  cari  as 
little  free  themselves  from  this  tff^ofiical  principle 
AS  from  the  general  physical  one;  for  as,  on  omitting 
fhe  latter*  no  experience  would  be  possible,  so  on 
omitting  Ihc  former  princi[de,  no  eine  eoiild  exist 
for  the  observation  of  a  kind  of  natural  objects 
which  can  be  considered  teleologicaliy  under  fhfl 
inception  of  natural  ends." 

^'  Urfkeihtraft.  |.-  295- 
VOL.  III.  L  L 
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IJISTOKV  or  riivsioujtjv. 


Evon  if  Hie  rrn<!€r  should  iiol  lollcw  llu-  rejwr 
\ui^  t>f  this  col('Uratoil  pbilf'Sii|>!i<*r,  In'-  will  irtiU  hAW 
■III  JitTit-ultj  in  seeiii;;  th:it  he  u.HSerl.s  In  the  masl 
Jbtinet  marnier,  tlmi  whiuh  Is  demt^  by  the  nuthr^r 
whom  we  havo  before  quoted,  the  proprietv  anil 
necessit;^  of  assuming'  the  existence  of  an  end  as  our 
guide  in  the  study  of  animal  orjranlzation, 

4,  It  appears  to  me,  therefore,  that  wlietlir-r  we 
judge  frtim  the  nr^inieatA,  the  results.  tLt*  praeliee 
of  pliysiolopists,  their  speculative  opinions,  or  those 
of  t}io  philosophers  of  a  wider  field,  we  are  led  to 
the  same  vonvietiori,  that  in  the  organized  worM  Wf 
ma}'  and  must  adopt  the  lietief.  that  ar^ani:tatiuti 
exists  for  its  purpose,  and  that  the  appreliL^nsioti  of 
the  purpose  may  guide  us  in  seeing  the  meaniug  of 
the  organization.  And  i  now  proceed  to  show  hov 
thla  priueiple  has  been  hrou;^'ljt  into  adtlitionat  ej^aj-- 
ness  aud  use  hy  Cuvier. 

lu  doiug  this,  1  may,  perhaps  he  allc^wed  to  ntakt 
a  reHection  of  a  kind  sonie^vliat  dilJerenl  from  thf 
preceding  remarks,  though  f*ugK^J^tPil  by  them.  In 
another  work'^  I  endeavoured  to  show  that  thow 
who  have  been  discoverers  in  science  have  gtuprally 
had  minds  the  dispositijtn  of  which  was  to  bfrUcfo 
in  an  intelligent  Maker  of  the  universe:  atid  thai 
the  Ncientific  spctulations  which  prodn^rd  an  oppt^ 
site  tendency,  were  generally  those  which,  though 
they   might  deal   fannlinrly  with    known   physical 

**  Sfidf^rvater   Treaiisf.  R.  ill.  c  vii.  unil  rUh     On    laibt^ 
l1vii  llnfiiOi  nf  'Dirrti^lit,  inrl  Mil  JMmVivr  lUhil*  or  Tlinuuht 


THE  DOCTRINE  OF   IINAL  CACSE?*.         515 


W 
k' 


trittlis.  ;Liiil  riinjpr'ture  Ik>]i[I^  witli  r^^ard  ttj  tllc 
utLknowii,  iltit  not  tM  tu  the  Tmnibcr  uf  noIiiI  gi-no 
ntlizations.  In  order  to  juH^jf  wlietlu>r  thi^  romark 
is  dislinclively  applicalile  in  the  case  now  considered, 
I  sliould  have  to  estimate  Cuvier  In  comparison  with 
olhi-r  physiologists  of  hin  timii,  which  F  do  not  pre- 
sume to  do.  But  1  may  observe,  that  he  is  allowed 
by  all  to  have  Pstabli&hecL  on  an  indestructible  basis. 
many  of  the  most  iniport^mt  ^^eiieruli/^ lions  \vhi(:h 
7Aio\ogy  now  eontainw;  and  the  principal  defeet  which 
his  critics  have  pointed  out,  has  been,  that  he  did 
not  geueraliKe  KtiU  more  widely  and  boldly,  (t 
appear K,  thrrptV»rtt,  that  he  cannot  but  be  plaeed 
among  the  ^eat  discoverers  in  the  studies  which  he 
pursued;  and  this  being  tlie  case,  thoae  who  look 
with  pleasure  on  the  tendency  of  the  thoughts  of 
the  p-catest  men  to  an  Intelligence  tar  higher  than 
their  nwa  mURt  1>r  gratified  to  And  that  he  waj^  an 
example  of  this  tendrncy;  and  that  the  acknow^ 
Itrdgement  of  a  creative  purpose,  as  well  as  a  crea- 
tive power,  not  only  entered  into  bis  belief"  hut 
niaiJe  an  indJNpcnsahle  and  promini^nt  |»art  of  his 
hilosophy. 


Stict,  3. — f!stal'fis/nni'n(  a/id  Ap/'fifv/hn  of  the 
PrifM'iplf'  nf  thf  Cojtditiorm  of  Exutene*'^  (^  A  ni- 
mfti^. — Curii'T. 


Wr  have  now  to  describe  more  ni  detail  the  iloc- 

trine  which  Cuvier  maintained  in  opposition  to  such 

,,upinions  as  we  havtr  been  spnaking  of;  and  which. 


3t€ 


HisruETf  or  raisiuLom:. 


in  lih  vrav  urmppljin^  U*  vf  Wxifc  opofi  ag  a 


ftdvanco  in  phvilolDgkal  knDvln^e.  ci 
give  to  it  A  dUttniTt  plam  id  o«r  hisUirj.  ' 
hiA.*  b«  ftars".  in  th^  o«isH  oftus  A^pvir  . 
"aprincipkoTmbMintagirhiHi  if^  jwniliw  ti  iLMi 
vrtudi  itcmpU^^  whh  ailTaMi^  on  naii^ 
ibb  b  tfar  prinripilr  rtf  M^  nmiiHatu  ^y 
nUgarlj  c^Lk^  ih^.^  prindple  o(  Jmai  ^mmtm.  Ai 
DoCbing  CAfi  euAl  if  it  Jo  not  cmmbiiie  aH  ife  «d» 
dition**  vhi^h  n^nHor  its  e-\t}Tt4>iice  pOfisabl^  Ap  tS- 
femrt  pftm  of  ««^h  being  must  be  rn  nrJiniHJ  ii 
ftMh  a  Bttwier  a»  to  render  tbe  loUl  being  juBmUri 
Bol  otth  in  itHlf  but  in  its  n^kdona  to  tboe^  vUd 
fPfTOunJ  H;  and  the  anaiysU  M  then*  roodriiati 
thok  kttdi  10  g^eneral  lan^,  a$  dearlv  ilMDoastiMfd 
aa  tboae  vUch  result  frv>ia  calrulBlioii  or  from  n- 
perience," 

Thb  is  the  enunciation  of  his  loading  pnndfit 
in  general  tenn«H  Tu  our  aiscrlbing  it  to  bim.  mot 
mav  ifljictH,  im  llu.'  ^^rvund  ot  it*  beiog  self-^-VMNl 
in  ite  nalmv",  •nd  having  Imvu  vcrj-  aJKiHid* 
applied.  Hot  to  ihU  ive  repW,  that  the  priDrlpIr 
must  be  considcrp<)  a*  a  real  discovDry,  m  (bv  haadi 
of  him  who  6r»l  sbows  bow  to  make  It  an  instiw- 
mcnt  of  other  discoveries.  It  is  true  ni  olh<*r  rswN 
!Ls  well  as  in  \W\s,  that  ■<<»nit?  v,i<riie  a|i|irehei»k>n  rf 
true  genera!  priiicfplesv  such  aj^  n  priori  cunfidm- 
tions  can  suppiv,  h»s  Umg  precmk-d  the  loiowlfi^ 
■kf  them  a«  real  and  verified  laws.     In  such  a 


Ufpte  A  F*.  J.  (i 


Swaiuhuei,  -^luiiji  Iff  AW 
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seen,  before  Newton,  that  the  motions  of  the 
plauets  must  resdt  from  attraction;  and  so  before 
Dutay  ami  Fraiikliiu  It  was  hdil  that  L-lectncal 
actions  must  rL-sult  from  a  Ruid,  Cuvior's  merit 
consisted,  not  in  seeing  that  an  animaJ  canTiot  exist 
without  combining  all  the  conditions  of  its  exist- 
ence; but  ill  perwivNig  that  this  truth  may  be 
taken  as  u  guidt-  !n  iiur  n-scarchcs  concerning  ani- 
mals;— that  the  mode  of  their  existence  may  be 
Jlected  from  one  part  of  their  structure,  and  then 
applied  to  inteqin't  or  detect  another  part.  He 
went  on  the  supposition  not  only  that  animal  forms 
have  £om^  plan,  soMf  pvirpose,  but  that  they  have 
an  intdlijfiUe  plan,  a  discoverable  purpose.  He 
proceedt'd  iu  his  iiivtstigaliiJUJi  like  the  decipherer 
of  a  maTLii^'ript.  who  nmkes  out  his  alphabet  from 
one  part  of  the  context,  and  then  applies  it  to  read 
the  rest.  The  proof  that  his  principle  was  some- 
thing very  ditfiTent  from  an  ideutieal  }>ro|K>sition, 
is  to  be  found  in  the  fact,  that  it  enabled  him  to 
derstatid  and  arrange  the  structures  of  animals 
Lth  uupreeedeuted  clearness  and  completene&s  nf 
rderi  and  to  restore  the  forms  of  the  extinct  ani- 
s  which  are  found  in  the  rocks  of  the  earth,  in 
manner  which  has  been  univcrsiilly  assented  to 
irresistibly  convincing.  These  results  cannot 
ow  from  a  trlfllu^  or  barren  principle;  and  they 
show  u$  that  if  we  arc  dis|Mised  to  form  such  a 
udgmeiH  of  Cuvicr's  doctrine,  it  must  be  because 
ffe  do  not  fullv  apprehend  it*  import. 
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Tu  iUutilratL'  this,  we  neeU  only  tjuoie  tho  ^uitr- 
mout  uhiHi  111-  iiiakt.%  and  the  US4^  U>  whidi  hf^ 
appliL^s  it.  Thus  in  the  Introduction  to  his  ^il 
work  an  /W*//  Hemmm,  he  saVA  "  Evi-ry  or^- 
iied  brinp  forms  ai>  entire  svstem  ^X  its  own,  nil 
th<»  (wrt.s  <it'  which  miituallj^  cmTT'spoml.  and  concur 
to  priHlucf  a  cortaiii  ticfinite  purpngc  \\y  rec'iproCAl 
renction.  or  hv  comliDing  to  thi.*  ^mc  t\v\.  H^^noe 
none  of  these  se^iarate  parte  can  changt-  th^tr  fornix 
without  a  curre^poJiding  change  in  thL>  utliar  parts 
of  tlie  aarac  itnimal :  and  conse^juently  eat^U  uf  th«>4i' 
parts,  taken  si^paratclv.  indicates  ail  the  other  pan* 
to  which  it  has  holon^^od.  Thus,  if  the  vi-srera  iif 
aii  aiiimal  are  ^o  ar^jii/eU  as  onlv  to  h<^  fitteil  ttir 
tho  digestliin  of  reeent  tiei^h,  it  is  algu  requteilr 
that  the  jawa  should  be  so  construct^  as  to  fit 
them  for  devouring  prey;  the  clawfi  must  be  cou- 
^tructed  for  seizing  and  te.iring  it  in  ]iiec<?!j;  tbr 
tw?th  fur  rnttinix  and  divldinj^  its  flesh;  tlie  uniin' 
Nvstero  of  the  IrniUs  or  oi^ans  of  motion  for  pur*u- 
ing  aiul  overtaking  it;  ami  the  orgaiu  of  &cii»jr  for 
discovering  it  at  a  distance.  Nature  niu*il  also  harr 
Qudowcd  the  brain  of  thn  aninifil  with  mstiJict^ 
.^ufltL'ient  for  conet'aling  itself  and  for  laying  plani 
to  uatch  iu  necessiirv  victims  '"  \\y  such  fHin.4tdL<- 
rations  he  has  been  able  to  rcftouftruet  tb^'  iftliok- 
of  manVtinimals  of  which  part8  only  were  given; — 
a  |iosLtive  result,  wlkieh  Jshows  both  the  realilv  whI 
X\\v  valur  of  thi^  trnth  nn  which  h*'  uTonghl. 
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Another  jp-eat  example,  equallv  showing  the 
inimensi'  importance'  of  thin  iirindpk  in  Cuvior'a 
ands,  is  the  refonn  which.  b_v  means  of  it,  he  in- 
duced into  thp  classitication  of  animals^  Here 
again  we  may  quote  the  view  he  himself  has  giveii^ 
of  the  chamoter  of  liis  own  Linprovements.  In 
BtuJviag  the  physioloy;Y  of  the  natnral  classes  of 
vertebrate  animals,  he  found,  he  says,  "in  the  ro- 
Bpective  quantity  of  their  respiration,  the  reason 
of  the  quantity  of  their  motion,  and  consequently 
of  the  kind  of  locomotion.  This  *igain»  furnishes 
the  reason  for  thd  i'anm  of  their  skeletons  and 
muscles;  and  the  energy  of  their  senses,  and  the 
force  of  their  digestion,  are  in  a  necessary  propor- 
tion to  the  same  quantity.  Thus  a  division  which 
had  till  then  been  establislLed,  like  that  of  vegeta^ 
bles,  only  upon  obsr^rvation,  was  found  to  rest  upon 
causes  appreciable,  and  applicable  to  other  caiSeB," 
Accordingly,  he  applied  this  view  to  invertebrates; 
— examined  the  mod  ilif^nt ions  which  take  phLce  in 
their  organs  of  circulation,  respiration,  and  sensa- 
tion; and  having  calculated  the  necessary  results 
of  these  modifications,  he  deduced  from  it  a  new 
division  of  those  animals,  in  which  they  are  arranged 
according  to  their  true  relations. 

Such  have  been  some  of  the  results  of  the  prin- 
ciple of  the  eonditious  of  existence,  as  applied  by 
its  great  ajisertor. 

It  is  clear,  indeed,  that  such  a  principle  eonld 
•■  Mhf.  Sc.  Nat.  \.  Sftl. 
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acquire  tte  practical  value  only  in  the  hands  of  a 
pensirii  iutiinati'ly  at'r^uaiiitoi)  with  nnaUtiiiicul  di^- 
tails*  with  tlir:  fiinctians  of  the  or^ns,  aad  with 
their  varietv  In  different  animals^  It  is  oaljr  hy 
means  of  such  uutritneiH  that  the  eiubrvo  truth 
t'Ould  be  develc|H.'<l  into  a.  \HAi  trer  (if  ^r'n<.H.--  Bui 
it  is  not  the  lej^K  i^lour,  thbt  CnviGr's  immense^  knotr- 
ledge  and  greitt  powers  of  thought  led  to  thnr 
Fcaulta,  only  hy  being  employed  iifider  the  guidance 
of  this  master-principle;  and.  tliereTore,  we  mav 
justly  c*>nsid('r  It  as  the  dlstiiictrve  feature  of  his 
s|jefu!ationK,  jiiid  follow  It  «itli  a  gratified  ptp,  ** 
the  thread  oi'  gold  whieh  runs  throug^h,  connectfL 
and  errk-he^  hi^  zootogical  researches: — giviis  theiu 
a  deeper  interest  and  a  lii^hei  value  than  can 
hultii^  to  auy  view  of  the  orgaiiiual  sciencea.  In 
whieh  the  very  ea*eroe  nf  organisation  is  kept  ouf 
<>['  sight - 

The  real  philosopher,  who  knows  thcit  all  ihr 
kinJs  of  truth  am.'  intimately  cinineeted,  and  that 
all  the  bcHt  hopi.'S  find  eiH-oura^':mejits  whirb  arp 
granted  to  our  nature  ]Uu,Ht  be  consistent  with 
truth,  will  bo  satisfied  and  eonfirimd.  ratht-r  tliair 
jiurpri^ed  and  di^urbed.  tlius  to  Hod  tlh^  tmtnrn! 
seienees  leading  hin^  to  the  iKinh^rs  of  a  biglu-r 
rcgioiL  To  idm  it  will  appear  natural  and  neji^on^ 
able,  tlial,  after  jourueving  so  long  among  the 
beautiful  and  orderly  la\vs  hy  whieh  the  unlvcTbe  i^ 
governed,  we  liinl  ourselves  a1  last  :jjiprnjiehiri)t  to  a 
sonrre  of  nrripr  a\v\  \nw.  and  irdrllerhj;d  be^iiili   — 
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that,  afler  veiituriD^  into  tht;  regiDo  of  life  and 
fi^^liii^  and  will,  wo  aru  lu*)  to  tu'lievc  the  foutitaiti 
of  liti?  anil  will,  not  to  be  itself  iiuiutelligent  and 
doad,  but  to  be  a  living  mini  a  power  which  aims 
as  well  as  acts.     To  us  this  doctrine  appears  like 

e  natural  radmi^e  of  the  tones  lo  which  we  have 
so  lort§^  het-n  lisreiihi;^-;  and  witiiout  sm'h  a  final 
strain  our  ears  would  have  been  lert  criivinjr  and 
nnsatislied.  We  have  boen  linp^rio^  long  amid 
tlie  harnionieH  of  law  and  symmetry,  constancy  and 

evelopenient ;  and  these  notes,  thun^h  their  music 

as  sweet  and  deep,  must  too  often  have  sounded 
to  the  ear  of  our  nn^ral  natm-e,  a^  vague  and  un- 
meaning melotlies,  Hoatiiig  in  the  air  around  us.  but 
convcjinj^  no  deiinite  thouj2;ht,  niouldud  into  no 
intelbgibk'  annouurenicnt.     But  one  passage  which 

e  have  again  and  again  caught  by  snatches,  though 
sometimes  interrupted  and  lost,  at  last  swells  in  our 
cars  full,  clear,  and  decided ;  and  the  religious 
;■  Hynjn  in  honour  of  the  Creator,"  to  which  Galen 
gladly   lent  his  voice,  and  Jn   which   the  best 

hysiologists  of  succeeding  times  have  ever  joined, 
is  tilled  intff  a  richer  and  deeper  harmony  by  the 
greatest  philosophers  of  these  later  days,  and  will 
mil    on    hereafter,    the  "perpetual    song""    of  the 

mple  of  science- 


:>t2 


NOTICS  1^)  HUtiK  XVII. 


(t.)  p,  45  L  MuLLKn  {Manual  0/  Phfitioto^.  B.  m; 
Soct.  1.  Chap,  iii,)  sjiflrLkfi  «f  l>r.  WiWm  Philip'ii^  wecrti 
lIuLt  Lho  ii£irvi«  uf  ttiL'  dtiiMiauh  Wing  i^ul,  and  a  f^vvti 
(!iirrt!Dt  kopt  up  id  thviUf  diction  La  eljll  iio<winpliiliod. 
Hh  HthtuB  tbat  he  and  itliier  physiologifita  hA,w  rrp«Al^ 
Hiii'li  espTimonU  tin  an  ajtleriMve  ^ca]?,  and  have  fouml  na 
i^Hlijt  of  ihi*i  tinii, 

(tr.)  p.  'IG8.  1  regret  oxtrciiiely  that,  in  the  Bntt  rdf- 
lion,  1  Pxpreesed  niyBelf  in  wich  .1  iiiaiiner,  wiLh  rvv'»rd  in 
thu  ditLM}v(iry  liere  Bpok^^n  of,  oa  Io  give  H^e  In  3  cucnpluicl 
on  the  p^irt  of  Sir  Cliarlea  Bell's  fri^ndw,  tli-^t  I  had  tXonr^ 
ilijufltioo  1^1  ihnt  eminent  phpiolugiPt.  \\'hen  I  wroto  tho 
p»v>agc,  I  wrw  not  Aware  of  the  rtilntivi]  poHition  of  tliv 
)iartit«.  aud  4if  the  disiruFsehiuii  uhioh  tlw  hi»Lory  of  Ike  rli*- 
ciiiury  ha<l  JiJn'a.vlj  nirta^ioneil  in  tht?  phvsiologicaJ  w^fW 
Purlni-pfi  lED  oni)  vi\vi>  had  iic^t  wttch^l,  with  prolVBioni] 
inti-t-i^t,  the  grji,i1iiaJ  progresa  of  tito  ilo<TCriDe  in  thf.<  niuiJi 
of  DODW^ufcporary  ph^eiologiittd*  could  yiwitly  appirvinti'  Ch« 
inurJtH  uf  ihu  diJTbnml  p^ii'iiM  concemt^  Aa  autboriiy 
fur  t\x*>  (-'xprweiLiii^  whinh  1  Imve  now  used  in  thi.  !<■%!,  J 
^vill  moiilum  MulW-  M'jitaiU  t>f  Phtf/lioiof^g^  (*Th  olitte. 
1 8*4.)  In  Hook  III,  SpcUoh  2.  Chap.  i..  "  Oh  the  N«mi 
mf  Snn^tiiin  ;md  Mtitioii«"  MidW  ^'lys,  "  Charira  Boll  "J* 
xUv  Hrst  wliH  hjul  thi.'  in;uvnii>UB  iliou^Hit  that  tfi?  jHHii'riK 
i>puIs  Lrf  iho  nervuB  of  thL<  Apinv — thov?  whlt;h  \vco  ftinn^u^l 
uiLh  i\  ^mglion — ^.virn  hrh«i,t3on  "nJ>  1  Ihnt  thp  ant*rwr 
nvi|#  wnr  jLpfmlntnl   l>jr  niol.ion.  nnd   rhiit    ihi-  prinuthv 
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of  UuWH  I'rviU,  Aft^r  hi-ing  united  in  a  atnglu  iiorvoua 

enrity  are  raragleii  tngt'tluT  in  orJor  !!►  supply  the  wjuitu  of 

liio  ukin  uud  muscle-      Ho  developtni  thlb  idea  in  a  litlie 

rk'  nhich  wqa  not  intended  to  travel  beroiid  ihQ  circle 

of  his  friends,''      Miiller  go^p  oti  to  say,  that  elevi-n  yenrtt 

Slater.   Mftjeiidie  prcflecur(!d  thi.'  §amc  theory.      Rut  Mr, 

ih-xandor  SliaWf  in  }H2[)^  publirthod  A  y^arratips  a/ tAa 

Z>uvuwWiv  of  Sir  Chariot  Bell  in  the  Nenona  Sj/ti^at,  In 

Bpbioh  it  B.ppoarv  that  Sir  Clurlefi  Bell  hnd  furthur  se- 

^bpunded  hi@  viewK  in  hia  lectures  to  hie  pupils  {p  S[>)«  nnd 

^^littb  one  of  Chesf,  Mr,  John  Shaw,  had  in  varioue  publira- 

tiofiH,  in  1831  and  1822,  further  insisted  upon  the  same 

views;   eepocially  in  a   Memoir  On  Partial  Parali/SfA  (p, 

75J>      MM,  Muyo  and  Majuniiir  both  published  Memoirs 

in  Auj^&t,  1322  \  uid  in  thi^e  itnil  mibacqut^nt  worke  t;on- 

finnetl  the  doctrine  of  Bell,      Mr.  Alosander  Shaw  etatea 

[p-  97),  that  a  mistatte  of  Sir  Charif*  Boll's,  in  an  experi- 

xtmt  which  hci  bad  iniule  to  prove  his  doctrines  was  dis- 

jrpd  through  thy  joint  bUuup!  of  M.  MaJL'nJie   and 

\  Ma)u, 

I  uoncuivcj^  therefore,  tbut  the  ti^xl  is  oorreot  in  Btat- 

\g: — that  *^  the  proposition  here  8]>okca  of  wv  first  pub- 

liihed  and  tikiigbt  by  Sir  Charles  Bell;    after  an  interval 

of  «»mo  yoarp,  it  was  nntr*^  distinctly  deliverevi  in  the  pul> 

lic'ivtions  of   Mr,  -hthn  ^haw.    Sir  O.  Bcirfl  pupil,      ,'^oon 

iftfterwards  it  %vb£  further  vL>hBrTned  ami  souio  parts  of  the 

;evidenee  corrected  by  Mr.  Mayo,  another  pupil  uf  Sir  C 

Boll,  and  by  M-  Majrndit/* 

(w.)  p.  IPS.  In  orilcr  to  show  that  I  am  not  unaware 
h'lw  iinjHirfifet  the  sketwh  given  in  this  work  ts,  as  n.  His- 
tory of  PhyBinlu^.  I  may  rofur  to  the  further  discueBion* 
on  these  subjottB  Lontained  in  the  fAUovopAy  of  tkt'  hidae- 

An  Idai  iif  a  hp"'  Aiiiilimif/  nj'th'  iiitt}'i.  J><iriLli»i>.  IHI  U 
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tifv  Scifftfift^  Book  IX,  T  have  there  CCIiap,  li.)  hnll^ 
lliH  succeftsivfi  BiaU^i^at  H f/potft^Me  of  ihc  .Mjal'icd.  like 
I  npttwJuiiiuciJ  Bud  tatruuiMliticiEilical  Sdiootv.  Uio  ViuJ- 
Fiuid  SuhooL  iwd  the  I'sychicAl  School.  I  h&Te  (ChAp^ 
ijlpjiv^v.)  ex.tmined  Mveral  of  the  attPinptA  which  hiLV&bwP 
mnJe  to  Hnaljze  the  Meji  of  Life,  la  cliuuifj'  Vital  Fumv 
tioTifl,  and  to  form  Id^M  of  SepAr^tc  Vit^  P^^ircc*.  I  have 
coDdidored,  in  pcLrticular,  the  AttoiDptf  to  form  n  diEiinct 
fMmoejittDii  of  AwmilatkjD  and  Sevrt>tiuTi.  of  Generation, 
And  of  Voluntary  MoEkin  -,  And  I  have  (Chap-  >t-)  rnrlher 
di«ouiBstnj  till!  lilea  of  Final  CaUBiK  He  tiiuploj'td  id  Biulogj. 
(i.)  p.  4^5.  Tlio  i|u«et.ion  of  the  ClaAsill(^^tiou  of  Anl- 
uuUv  IB  diseuKBed  in  the  firat  of  Prof.  0»^n*$  Livfi/ret  m 
the  Iwert^raU  AhtmnUi  (18+3).  Mr,  Owen  observe*  tJt»i 
the  arriiMgi'inent  of  aniinnle  into  VaiebraU  and  IrirvrtehftUi 
whii'b  prevailed  befrire  CuvJer,  was  nBqeaeanJy  inkd,  inn- 
much  na  no  negative  character  ui  Zoology  giv«a  tmv  natu- 
ral groupa.  Hence  the  eatalitishment  of  the  t«h-Jtin^dom^ 
Motlnttcfi^  Arfi^atn^  Ifoffiata,  as  co-ordinatR  with  Vrrlt- 
tirata,  aflij(;rding  Eo  tin'  ammgument  of  thp  Uervoufl  *yirt*n), 
tvav  a  motit  ini]>urtftnt  ailvaure.  Bnt  Mr.  Owon  hw  »<vn 
resaon  to  i^eparHte  the  Radiata  of  Cuvier  into  two  divi- 
BionM ;  the  N^mafoamtra.  in  vhii^h  thc^  nervoiia  nvstotn  <W 
be  trwoeil  In  a  (^Iftmnntarv  form  (indnHing  KtAiivnUfyna. 
CUiobracAuita.  Ctiidmuttha,  iiotifem.)  ami  l.lin  Arriia  at 
)owi!Bt  divlKiifh  of  tliu  viiinal  kingdom,  inchiding  Actaifph^ 
Nttfltlti'afhifjia,  SierplmittUta,  J'oiv^aiitria- 
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J>L  quibai  impeDuia  c«t  vunuinun,  Umbrvque  aJutM, 
Et  Chaos,  cl  PhlegetJion^  loca  oacte  aileiitu  Ufe, 
Sit  niihi  fas  audiui  IrMjui;  at,  Dumuw  VEtfrn 
l^jindere  its  Jiltn  lerrfi  i-1  p.iliiiire  t]I4tti83. 


Amid  ike  iiijii'vi'l^i  uf  lln-  wnfLl  W'Ijuv  ! 

Yc,  xUcnl  SliJiLira,  vrho  :?it  mul  Iiisir  riii>unit ! 

All,  all  ffU'^Livc,  if  l>_v  >mir  i-"]ivti-M.'  -^tiitx-iJ, 
M,v  lilt's  ^hjiH  KfU-F  what  iii_v  t-nr^  luivc  lu'ard  ; 
ir  I  sbU)  spi'zik  ol'  iIlu)l{6  <jf  diiLiblful  Mtlh, 
lW|t  eiink  in  dttrkn<i»ii,  ns  clpcp  uimk  in  frtrtli. 


INTHODUCTION. 


WE  row  approach   the   last  class  of  sciences 
which  enter  into  the  depipTi  of  tlie  prpsont 
work;  and  of  thest%  Gcoki^j   is  the  reprf'SenlJitive. 
whoH'  liistiii-y  we  shall  therefore  brierty  foltmv.    By 
the  class  of  sciences  to  whkh  I  have  referred  it,  I 
mean  to  point  out  those  researches  in  which  the 
object  is>  to  asccrd  from  the  present  state  of  things 
to  a  more  anoient  I'ondition,  from  which  the  present 
^-is  derived  hy  intelligible  causes. 
^B      The  scieocea  which  treat  of  causes  have  some^ 
^Wmes  been  tenned  tidiiilofrica/.  from  o'trla^  a  cause: 
^P^t  this  term  would   not  sutticiently  describe  the 
Bpeculations  of  which  we  now  speak;  since  it  might 
include  sciences  which  treat  of  permanent  causality, 
^.likti  Mcchaniiis,  jts  ndJ  a*i  ijujuiries  concerning  pni- 
^Hfressive  causation.    The  investigation^^  which  [  now 
^prish  to  group  lofjether,  deal,  not  only  with  the  pos- 
sible, but  with  tfce  actual  past;  and  a  portion  of 
that  science  on  which  we  are  about  to  enter,  Get>' 
logy,  has  properly  Iwrtj  termed  PnlfvunUitoifii.  since 
il  treats  of  l*eings  which  formerly  ejiisted'.     Hence, 
imbining  these  two  notions',  Pahvtiologt/  appears 
be  a  term  not  inappropnate,  to  describe  those 


n^Adi,  up^n, 


■  IlaAai,  i'W\n, 


■srijiiv  or  tii 

«hi(-h  diUK  rrlrr  to 
to  expUiii  thorn  hj  Ivvri  «tf' 
ipecttUtJoiis  are  ik<  mt^mtA  t< 
uf  iotfvt  niAtl^r;  we  liave  r  i  iinf ir  i  of 

mnr^rrttng  tliL*  inimmw^i  ttf  tW 

of  distant  a^es;   in   e. 
and  early  pri'grt^  of  states 
aarJ  lau^agtffi ;  as  well  u  to 

thr  cftuRcs  uEtd  f'^rmrtlions  of 
nocks,  the  jinlH<(iilrng  of  fossils^  in  itrmtm^  jsmI  iMt 
fiferatton  from  the  Ixittom  of  the  nrean.  AQ  thev 
■frru1atii?n>i  an-  cotinDt^tcd  h^  th»  boad.— tlivt  thr,* 
radtavour  Ui  3A(?niul  Ui  a  pa^it  statf  of  tfaii^i^  hj  ^ 
aid  <»f  the  ('vrdorici-  Mf  iJit*  pro#-nL  In  ajwrttn^ 
with  Cnvicn  that  "Th^'  ^onlogin  is  an  antiifiui^cf 
a  new  onler/*  vn  do  not  mark  a  ^nciful  and  mpfT' 
6cial  resemblance  of  ornplovment  morvljt.  hut  a  nd 
and  ptii]oso|i}iiral  iH>iirirxri]|]  nf  Hk"  prinriplt**  «f 
investigatioti.  Thr  orj;:mit*  fiissil^  which  orcwr  m 
the  rwrk,  an'l  the  mcOals  whirh  ^e  find  in  ilw  mitf 
of  ancient  cities,  &Te  to  be  studied  in  a  »imtlar  i^plrit 
and  for  a  similar  pnrjKise.  Indeed,  it  is  nui  aJwa^ 
irasy  to  know  ulion'  th<"  tHsk  of  the  ^eoloj^tst  <mds. 
and  that  of  Iht^  aiithiu^irj  iH-j^ins.  Thr  sHidy  erf" 
ancient  peogra|>hy  iiuiy  involve  us  in  the  oxam'ma' 
tion  of  the  uiuK(%  by  which  the  fonns  of  rtNu^t^  and 
plaiiiH  is  elian^^d :  the  aneient  monnd  or  Hcaqi^ 
rot^k  may  tinvi*  upon  n,i  tlie  problem,  «vhrlhw  il 
form  i*  the  work  nfojitun*  or^il'inmi;  the 
temple  may  exhllnt  t)u'  iniccK    '  il 
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level,  and  sea-worn  columned  and  thus  the  anti- 
qiiajiaii  of  tht?  uarth  may  ho  brought  into  tfie  very 
middle  of  the  domain  belonging  to  the  antiquarian 
fart. 

Such  a  union  of  these  different  kinds  of  archteo- 

logicoJ  investigations  hjis.  in  lact,  repeatedly'  oceur^ 

red.     The  changi-u  wlilch  hav(*  taken  plnce  in  the 

temple  of  Jnpifer  Serapis.  near  I'uziiiolL  are  of  the 

Tt  which  have  just  been  described ;  and  this  ia 

nly  one  examplr  of  a  largo  riass  ofobjects; — the 

nionutiK^nls  of  art  converted  into  records  of  natural 

enta.    And  on  a  wider  scale,  we  find  Cuvier,  in  his 

f^uiries  into  geological  changes,  bringing  together 

historical  and  jthjsieaJ  evidence.     Dr.  Pridiard,  in 

liis  ]i4:^farrfn'S  inlo  tlic  P/iffnii't/l  Mint^ii-r/  ft/  Mun 

has  shown  that  to  execute  such  a  design  as  his,  we 

must  combine  the  knowledge  of  the  physiological 

laws  of  nature  with  the  traditionn  of  liistorv  and  the 

philosophical  coniparisnn  of  languages.     Aud  evon 

if  ue  refuse  to  admit,  as  part  of  the  business  of 

ohjgy.  ini|uines  concerning  the  origin  and  phj- 

historv  o^  i\y^  jirvtii'Vi  population  of  the  globe; 

still  the  geologist  is  compelled  to  take  an  interest 

such  inquiries^  in  order  to  understand  matters 

which  rigoronslv  belong  to  his  proper  domain;  for 

the  ascertained  history  of  the  present  ^tatc  of  things 

oflers  the  best  meana  of  throwing  light  upon  the 

uses  of  pft^t  cbpngPM-    Mr.  I-jell  quotes  Dr.  Prich- 

rd's  books  more  fre(|uently  than   any  gcolngical 

ork  of  the  same  extent. 

vol..  [ti.  Mai 


^if  W' 

St 
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Again,  we  may  n(itii?e  anotber  conimoii  inreum- 
stance  in  the  studies  wliith  wo  aru  grouping  t«gf- 
ther  OS  pa]u'ti(ilogii.-aJ,  divorce  as  tk;ey  ^re  in  thdr 
subjects.     In  all  of  them  we  have  the  same  kind  ot 
manifestations  of  a.  Dumber  of  successive  cli^nge^ 
each  sprin^iig  out  of  a  preceiiing  state;  aw)  in  nil, 
the  pheoftmeiia  atoat-h  step  become  more  and  more 
complicated  by  involving  the  results  of  all  that  haa 
preceded,  modiiied  by  supervening  agencies.     The 
general   a<^[>ect  of  all    these   trains   of  rhauge   i» 
siniiJar,  and  offers  the  .name  feature?;  for  deficrip^tni. 
The  relics  and  ruins  t>f  the  earlier  states  are  pre- 
served mutilated  and  dead,  in  the  products  of  Uts 
times.     The  atialogical   tigures  bjr  which   we  ar** 
tpin[jted  to  express  this  relation  are  phUosopliicalljr 
true.     It  is  more  than  a  mere  fanciful  il<!scnption, 
to  say  that  in  languages,  rustoms.  forms  of  societv. 
political  Institutions,  we  see  a  numlier  of  formatiobs 
MjperinifMJM'd  upon  one  another,  each  uf  uhieJi  i^ 
for  the  nio&t  part,  an  a.'^semlda^  of  fragiiu^iiu  and 
results  of  the   preceding  condition.     Though  oui 
comparison  might  be  bold  it  would  be  just,  if  wt 
were  to  asBcrt.  that  the  English  language  is  a  con- 
glomerate ol'  Latin  words,  buuud  tt^utiier  in  a  Saxon 
cement;  thr  Jragmeiits  of  thi*  Ijilin  bnng  partly 
portione  introduced  directly  from  the  parent  quarry, 
with  all  their  shaqi  edges,  and  i^artly  pebbU'i*  of  tht 
same  mat*>naL  obscured  and  shaped  by  loug  rolling 
in  a  Norman  or  some  other  ehannf:L     Thu^  thtf 
study  of  pal:eti'^logy  in  the  materials  of  ih^  oarlJi,  is 
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only  a  type  of  similar  studies  with  respect  to  all  the 
elements,  which,  in  the  history  of  the  earth's  inha- 
bitfl-nts,  have  heen  eonstantly  undergoiog  a  series  of 

^■coDDected  changes. 

^k      But.  wide  as   is  the  view  which   siich   consi* 

Bderations  give  us  of  the  class  of  sciences  to  which 
geology  belongs,  they  extend  still  further,  "The 
science  of  the  charts  which  have  taken  place  in 
the  organic  and    inorganic  kingdoms   of  nature," 

f  (such  js  the  description  which  has  been  given  of 
Geologr'.)  may,  by  following  another  set  of  con- 
nexions, be  extended  beyond  "the  modifications  of 
the  surface  of  our  own  planet."  For  we  cannot 
doubt  that  some  resemblance,  of  a  closer  or  looser 
kind,  has  obtained  between  the  changes  and  causes 
of  cliange,  im  other  bodies  of  the  universe,  and  on 
our  own.  The  appearances  of  something  of  the 
Idnd  of  volcanic  action  on  the  suHace  of  the  moon, 
ZTs  not  to  be  mistaken.  And  the  inquiries  concern* 
ing  the  origin  of  our  planet  and  of  our  solar  system, 
inquirius  to  which  Geology  irresistibly  impels  her 
students,  direct  us  to  ask  what  information  the 
rest  of  the  universe  can  supply,  bearing  upon  this 
subject.  It  lias  been  thought  by  some,  that  we  caa 
trace  systems,  more  or  less  like  our  solar  system, 

K'a  the  process  of  formation;  the  nebulous  matter, 
Fhich  is  at  first  espansive  and  attenuated,  con- 
densing gradually  into  suns  and  planets.  Whether 
this  Nrhdar  Hyjmfhe'n.^  be  tenable  or  no,  1  shall 
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uot  hero  Inquire;  but  thL^  diwuKiori  of  ituoli  a 
question  would  l>e  closely  conneotod  with  jpwlogv. 
both  in  its  interests  and  in  its  methods  If  mett 
are  ever  able  to  frame  a  science  of  the  paj^t  chuigec 
by  which  the  universe  has  hRon  brought  into  it* 
proseut  t»ondiliou,  this  science  will  be  properly 
described  as  Coftmirni  Faiirtiolog^, 

These  palaetiologica)  sciences  might  properly  be 
called  hhtorimi  if  that  term  w^re  Buflit-ieutK  pre- 
cise; fonthey  are  all  of  thr  nature  of  history.  \mAi\^ 
cx»nccnied  with  the  succession  of  events;  and  tht^ 
part  of  history  which  deals  with  the  past  causes  of 
events,  is.  in  fact,  a  moral  paL'etiolo^v.  Out  tbu 
phrase  Niitunil  Ifistrirt/  liaj*  so  accustomed  \i&  to  a 
use  of  the  word  hisUtfit  in  which  we  have  mithiu^ 
to  do  with  time,  that,  if  we  were  to  employ  Ihe 
word  hhtoHcai  to  describe  the  palaeliological  &oi* 
euces,  it  would  be  in  constant  daiifii-r  of  liein^  iHif^- 
understtuKl.  The  fact  Is,  as  Mohs  iuis  Kairi,  that 
Natural  History,  when  systematically  treated,  rigjr- 
onaly  excludes  all  that  is  huff>rirali  for  it  dassw 
objectfi  by  their  permanent  and  universal  propria 
ties;  and  \\b&  nothing  to  do  with  the  narralion  of 
particular  /ind  casual  facts.  And  this  j»  an  incon- 
sistency which  wo  shall  not  attempt  to  rw'tily. 

All  pa l^tio logical  sciences,  since  tbey  undertake 
to  refer  chan;;es  to  th«ir  causest  asEum^  a  eBTtain 
class!  ligation  of  the  phenonieua  which  chan^  bnnf:^ 
forth,  atid  a  knowled^*  of  the  ii|)eratioii  of  ihc 
OAif^Ps  of  chan^.     These  phenomena,  these  cauciC!!!. 
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'e  rery  different,  in  the  branches  of  knowledge 
which  I  have  thus  classed  Icg^lhen  The  natural 
IbaturL^h  iif  thii  earth's  surface^  the  works  of  art,  the 
institutvms  of  sticiety,  tlie  forms  of  language,  taken 
together,  are  undoubtedly  a  very  wide  collection  of 
subjects  of  speculation ;  and  the  kinds  of  causation 
wlkieh  apply  to  them  are  no  lest^  varied.  Of  thg 
caitses  of  change  in  the  inorganic  and  orgaoio 
world, — the  peculiar  principles  of  geology. ^ — we 
shall  hereafter  have  to  speak.  As  these  must  be 
studied  by  the  genlogi^t.  so,  in  like  manner,  the 
tenden:.-ics,    instincts,    faculties,    principles,    which 

lirect  man  to  architecture  and  sculpture,  to  civil 
■government,  to  rational  and  grammatical  speech, 
and  which  have  determined  the  circumstances  of 
[hiH  progress  in  thesi^  paths,  must  be  in  a  great 

[^ree  known  to  the  pahetiologist  of  art,  of  society, 
and  of  language,  respectively,  in  order  that  he  may 

I  speculate  soundly  upon  his  peculiar  subject.     With 
these  matters  wu  shall  Tiot  here  meddle,  confining 
ourselves,  in  our  cxcmpliKcation  of  the  conditions 
iind    progress    of  such    sciences,   to  the    case    of 
geology, 
^b       The  journey  of  survey  which  we  have  attempted 
^Bto   perform    over   the   field    oF   hunian    konwledge. 
although  carefully  directed  according  to  the  paths 
and  divisions  of  the  physical  sciences,  has  ^already 
ctuidiicted  us  to  the  bouudanes  of  physical  science^ 
tand  gives  us  a  glimpse  of  the  region  beyond.     In 
fnllowing  the  history  of  life,  we  found  ourselves  W 
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to  notice  the  perceptive  and  active  &ciilti?s  of 
man:  it  appeared  that  thero  was  n  r^&djr  passage 
from  piiy8ii)iogy  to  psvcliology,  from  phvsios  tO 
metaphvsicfl-  In  the  class  of  sciences  now  under 
DOtice,  we  are,  at  a  diHtrent  poict  carried  from  the 
world  of  matter  to  the  world  of  thought  and  feelr 
iDg, — from  things  to  men.  For,  as  we  have  already 
said,  the  sciciice  of  the  causes  of  change  includes 
the  productions  of  man  as  weil  as  of  nature.  Thf 
history  of  the  eiirth,  and  the  history  of  the  earth's 
inhabitants,  as  collected  from  phenomena,  are  go- 
verned by  the  same  priiiciples-  Thua  the  portions 
of  knowledge  which  seek  to  travel  hack  towards  the 
origin,  whether  of  inert  things  or  of  the  works  of 
man,  resemble  aach  other.  Doth  of  them  treat  of 
events  jls  connected  by  the  tlircod  of  time  and 
cau^tion.  In  both  we  cmlcavour  to  Ivani  uccarately 
what  the  present  is«  and  hence  what  the  past  hat 
been.     Both   are  historical   sciences  in    the   aailtt 


sense. 


It  mu^  be  recollected  that  I  a[n  now  speaking 
of  history  as  £etioI<^Lcal ; — as  it  inresti^t^  cauM9^ 
and  as  it  does  this  in  a  scientiiic.  that  lit  in  i 
rigorous  and  syKtcntatic,  manner.  And  I  tnAy  o\h 
eerve  here,  though  I  eannot  new  dwell  on  the  ob- 
ject, that  all  ictjological  sciences  will  conmM  of 
three  portions;  the  Description  of  the  tacts  and 
phenQmeDa;^lhe  gi?jieral  Thi-ory  of  the  cauSM  o( 
ehange  appropriate  to  tlie  case- — and  the  Applica- 
tion of  the  theory  to  the  fiicls.  Thua,  taking  Geolog; 
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for  our  example,  we  must  have,  first  Dascriptite 
or  Ph'7ifmieH(d  Omlfjgf/ ;  next,  the  exposition  of 
tho  gL'Tieral  principl(?a  liy  which  such  phenomena 
can  be  produced,  which  we  may  term  Oeolotjicai 
^Dynaviicif;  and,  lastly,  doctrines  hence  derived,  as 
to  what  have  been  the  causes  of  the  existing  state 
of  things,  which  we  may  call  PhfsicMl  Geology. 

■  These  three  hranchi?s  of  ge<jlog>  may  be  found 
&cc|Ueatty  or  coni^tantly  combined  in  the  works 
of  writers  on  the  subject,  aad  it  may  not  always 
be  easy  to  discriminate  exactly  what  belongs  to 
each  subject'.  Hut  the  analogy  of  this  science  with 
Others,  its  present  coudition  and  luture  fortunes, 
wiL  derive  great  illustration  from  such  a  distribu* 
tion  of  its  history :  and  in  this  point  of  view,  there* 
fore,  we  shall  briefly  treat  of  it;  dividing  the  history 
ofGeologieal  Dynamics,  for  the  sake  of  convenience, 
into  two  Chapters,  one  referritig  fo  inorganic,  and 
fine  to  organic  phenomena. 


I 
I 


*  The  Woinerian?,  in  distingniahTDj;  their  «l;ndy  Troni  Geoia^^ 
■od  Jerii^ating  it  an  Cfognoay,  tUu  knQwIed^e  of  the  i^rth, 
Bppsar  to  Ifavr  intended  t<i  »iAt^t  iHtscriptivi-  Goolugy  for  tbdr 
pooiiUar  fiplJ.  In  like  mjinnpr,  tUc  flriginjil  Mm  of  thr  Gpologic*! 
H£<wiety  of  Liiodan,  xvhich  waA  fumu^d  (iSOj)  '*  with  a  vIpw  to 
record  and  iDiiHipl)'  nbarrvationfl/'  Teco^iin-A  (he  pohnibility  of  ■ 
Zle^rifitive    Cicology    e^^jtnrali'    rrom    lliv   ullivT    ytriiuTja    of    ihs 
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CHAPTER  r 

PRBLUUE   TO    8Y8TKMATIC    DksCAIPTIVK    GbOIAOT- 


SecL  1. — Ancit^it  Notices  of  Gtolopiraf  Fffcf^. 

THE  recent  hj^torj'  of  Geology,  as  to  its  mod 
importaut  points,  is  bound  up  with  what  a 
doing  at  pewTit  from  day  to  dnv;  and  that  jKirlinn 
of  tbe  history'  of  the  science  ubidi  belongs  to  the 
past,  has  been  amply  treated  by  other  writew^  1 
sbalL  therefore,  pa-ss  rajiiJlv  over  the  serie*  Cif 
Invents  of  whi<?h  this  history  consists;  and  shtUJ  onh 
ikttempt  to  mention  what  may  seem  to  illustrate  and 
coniinu  my  own  view  of  its  state  and  principles. 

Aaretably  to  the  order  already  pointed  uuL  I 
shall  notice,  in  the  first  place.  FhenonienaJ  Geology, 
nr  the  dcscriplion  of  the  facts,  as  distinct  from  the 
inquiry  ii^to  their  causes.  It  Is  manliest  that  ntbc-h 
a  merely  descriptive  kind  of  knowteilge  nuiy  exUt; 
and  it  prubably  will  not  In*  mntc^tc^l,  that  surii 
knowledge  ought  to  \tc  eolltvt^-d,  liefort  wl*  Bttt^mpt 
to  frame  theoriet^  concerning  the  caasi«  of  tbi^  phr- 
nonnna,      IJvit  it  nuisl   he  oWrvrsl,  that  we  »rp 
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lere  i^^eaking  of  tlie  tonnation  of  a  scLtmcti  aud 

that  it   Ih   Tiut  a  (rollcctioti   of  miscellaneous,    un- 

eoiineetetl,    uoarrangcd    knowledge    that    can    be 

considered   as   coustiluting  science ;   but  a  metbo- 

I     dJcal,   cohei'eDt   and.  as  far  a£  posKibli;.  complete 

body  of  facts,  exbiliiling  fitllv  tlie  conditlun  of  the 

Vftrth,  as  rc^rds  those  ctrcunistances  which  are  the 

subject-mailer  of  ^-ological    speculation.     Such  a 

Descriptive  fie<tUi^  is  a  pre- rff|i]i situ   to  Physical 

GeoJogy.  just  as  Phunonu^nal  Aytronomy  uecessorily 

preceded  Physical  Astronomy,  or  as  Classificatory 

DoUoy  is  a  uecessary  accompauimeDt  to  Botanical 

Pliysiotogy,     Wc  may  observe  also  tliat  Descriptive 

Goologj.  such  as  we  now  speak  of,  is  one  of  the 

class! ficiLtory  sciences,  like  Mineralogy  or  Botany; 

an<!  will  be  found  to  exhibit  some  of  the  features  of 

that  clabs  of  sciences. 

^b      Since  then,  our  History  of  Descriptive  Geology 

^BS  to  inchide  only  systematic  anri  scientific  descrip^ 

^■ions  of  the  earth  or  portions  of  it,  we  pass  over,  at 

^^m-e,  all  the  easual  and  iiij^ulated  statements  of  facts, 

though  they  may  be  geological  facts,  which  occur 

in  early  ^Titers;  such,  for  instance,  as  the  remark 

of  Herodotus^  that  there  are  shells  in  the  raoun- 

dns  of  E4,7pt;  or  the  general  statements  which 

ivid  puts  in  the  mouth  of  Pythagoras' : 

Villi  c^gft  n'lod  fni-rat  Ajlirli^Hima  tHliw, 
Eiew  frL'tuiM  ;    ^idi  fhictif   rrx   itiiiiure   tvnua, 
Kt  pnjL'iil  H  |H'L-igr»  i:iiiicEiJC  jiLi^uvrc  uuriiitf?, 
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We  may  remark  here  alreadj^   how  generally 
there  are  tninij^led  wltli  descriptive  notices  uf  huuh 
geological  tact^  speculations  concerning  their  eaiues. 
Herodotus  refers  to  the  circumstance  just  ^tuntc^i.  J 
for  the  purpose  of  showing  that  Egjpt  was  fonut'rh  1 
a  ^Ifof  the  sea;  and  the  pa.ssa^  of  the  (toitinn 
poet  m  part  of  a  series  of  exempltticatioafl  whirl]  ■ 
he  gives  of  the  philosophical  tenet,  that  nothing 
perishes  but  everything  changes.     It  will  be  onU 
by  constant  attention  that  we  Bhall  1k^  able  to  k^ 
our  provinces  of  geology  distinct. 


If  we  look,  Bfa  we  have  projuised  to  <lo,  for 
matie  and  exact  knowledge  of  geological  &cta.  Wtt 
find  nothing  which  ve  can  properly  adduce  till  ire 
cowe  to  modem  times.  But  whtfu  facts  sucii  tf 
those  already  mentioned,  (that  sear^hellK  and  oth«f 
marine  olyt-cts  are  Ibmid  imbedded  in  rock^)  and 
other  circumstances  in  the  structure  of  the  tattJt 
had  attracted  considerable  attuutiou,  the  exact  exv 
miitation,  oullcctiun*  and  record  of  the«^  circiim* 
gtances  began  to  bo  attempted.  Among  such  j4ii» 
in  Descriptive  Geology,  we  may  notice  drscriptiow 
and  pictures  of  fossils,  descriptions  of  veins  aiK) 
mines,  colkctions  of  organic*  and  iMirganir  fosul 
maps  of  the  mineral  structure  of  countrif%  and 
liiiLLlly*  the  discoveries  concerning  the  Kuporj>otiiljon 


( 
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of  strata,  the  constancy  of  their  organic  contents, 
their  correspondence  in  different  countries,  and 
such  ^eat  s^iienil  relations  of  the  mat^^riftls  and 
features  of  the  earth  as  have  been  discovered  up  to 
the  present  time.  Without  attempting  to  assign  to 
every  important  advance  Lt^^  author,  I  shall  briefly 
eiempltJy  each  of  the  modes  of  contributing  to 
descriptive  geology  which  I  have  just  enumerated. 
The  study  of  organic  fossils  was  first  pursued 
ith  connexion  and  system  in  Italy.  The  hJIIet 
which  on  each  side  skirt  the  mountain-range  of  the 
I  Apennines  are  singularly  rich  in  remains  of  marine 
animab.  When  theac  remarkable  objects  drew  the 
attention  of  thoughtfiil  men,  controversies  soon 
arose  whether  they  really  were  the  remains  of  living 

Eatures,  or  tlie   produetiona  of  some   capricious 
mysterious  power  hy  which  the  forms  of  such 
aCures  were  mimicked;  and  again,  if  the  shells 
ne  reall>  the  spoils  of  the  spa,  whether  they  had 
been  carried  to  the  hills  by  the  deluge  of  which 
^^e   Scripture  speaks,   or  whether  they  indicated 
^T^volutions  of  the  earth  of  a  dillerent  kind.     The 
I     earlier  works  which  contain  the  dcscriittions  of  the 
phenomena  have,  in  almost  all  instances,  by  far  the 
greater  port  of  their  pages  occupied  with  these  spr- 
culaticns;  indeed,  the  facts  could  not  be  studied 
without  leading  to  such  inferences,  and  would  not 
have  been  collected  but  for  the  interest  whit^h  such 
reasonings  possesserl.     As  one  of  the  first  per^ions 
who  applied  a  sound  and  vigoi'ouji  intellect  to  these 
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subjects,  wc  may  iwtice  ihe  celebrated  |>amter  Le6-' 
iianlo  Ua  \"n\t'ij  whom  we  bave  aln>adv  had  to  retVt 
to  as  oui-  vi^  till'  ioiinJtTs  of  tlir  mtwlcrn  nierhaimil 
wit^nrus-      iJe    stn-uuuusly   ttss(.?Pts  the   contents  of 
the  rocks  tn  be  reiil  shells,  and  maintains  the  reaUtv    ■ 
of  the   eban^'cs  of  the   domam   of  land  aii<i  si?afl 
which  ihirsc  spoils  of  the  oceaD  imply.     "Yoa  will 
tell  me/^  he  says,  "that  nature  and  the  influence  ofi 
the  stars  have  formed  these  shellv    forms  in  the 
mountains;  then  show  me  a  place  in  thi-  mounuioi 
where  the   stars  at  the  present  day  oiak^-  ^gIIt 
forms  of  different  ages,  and  of  different  species  id, 
the  same  place.     Aod  how,  with  that  will  you  ei-| 
plain  the  gravel  which  is  hardened  in  stages  at  dif^ 
ferent  he]|>;hts  in  the  mountains^  He  then  u)entioiis| 
!!»evural  other  particutars  respecting  tht^s*?  e^-idrn* 
that  the  existing  mountains  were  tormerly  the  bir<J' 
of  the  sea-     Leonardo  died  in  h^li).     At   pre^nl 
we  refer  to  geological  easays  like  bis.  otily  so  fcr 
as  they  are  descriptive-     Oohig  onwards  with  lhi*| 
view,   we  niav   notiee   Frarastnro.   who   wmto  tsm- 
ceniing  the'  |ietritact]ona  which  were  brought  to 
lipht  in  the  mountains  of  Vcruna,  when,  in    1517, 
they  were  pxca.vated  for  ihe  purpow  of  regturip^: 
the  city.     Little  was  done  in  the  way  of  collcctioaj 
of  facts  for  some  time  after  this.     In  lfi(a>» 
!t  Dane  resident  in  Italy,  put  forth  his  treatise.  A*] 
Solhh   intra    Soliflrtm    jirrfnrnlrir'r   rxtnlmln :   iftdj 
tht^   following   year,    Augusliim    iSiylla.    a   &dlnai 
painter,  published  <i  La^n  e]>iRtk.  th  C"or/wri*»'j 
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inis  Lfipidf^cevtibHs.  illustrated  by  good  en- 
^|[«ving5  of  fossil -she  llis,  teeth*  aud  corals(v).    Aftt^r 
aoothfir  interval  of  sperulativp  cimtroversj',  we  come 
to    Antonio   Vallisnori,    whose  lottrrs.    /V   Corpi 
MaTttd  rJip  ati  Mfinti  si  truTano.  apponred  at  Venice 
in  1721.     In  these  letters  he  describes  the  fossils 
of  Monte  Bolca.  and  attempts  to  trace  the  extent  of 
the  marloe  ibpo^ltfi  of  Italy',  and  to  di.stitiguish  the 
^^ost  important  of  the  fossils.     Similar  descriptions 
^Hud  figures  were  published  with  reference  to  our 
^■wn  country  at  a  later  period.     In  1760.  Brauder's 
^^pViWh'i/fV/  Hiinfonii'jt^ii.  or  Ilampj^liire  Fossils,  ap- 
peared; containing  rxccllcnl  hijurest  of  fossil  sheHa 
Km  a  part  of  the  south  coast  of  England ;  aod 
ular  "Oiks  came  forth  in  other  parts  of  Euro^te, 
ISowever  exact  might  be  the  descFiptioos  and 
figures  thus  produced,  they  could  not  give  such  eoni- 
plete  information  as  the  objectsthemselve'v  collected 
and  permanently  preserved  in  museums,    ValiJsueti 
^Bays\  that  liaving  beLruri  to  eoUecl  fo.sskls  fur  the 
^^urpose  of  forming  a  grutto,  he  selected  the  best, 
^and  preserved  them  "  as  a  noble  diversion  for  the 
^kore   curiousn"      The  museum  of  Calceolarius  at 
^berona  contained  a  celt-brated  collection  of  such 
remains.     A  copious  description  of  it  apfKrared  in 
\^'1'A.     Sut'h  colle<!tioiis  hai]   been  made  from  an 
earlier  period,  aud  catalogues  of  them  published, 
'bus  Gessner's  work,  De  Reruiti  P'os^tVnvm,  Luj/i- 
et   Gein-mfirnm   Fignris,    (lofiS.)  conuins  a 

'  p,  2ft.  •  p.  1. 
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(^talo^c  of  the  cabinet  of  petrifactions  coll 
bv  John  Keiktman;  many  catalo^es  of  the  same 
kind  appeared  in  th*i  hovanteenth  contuf^'.  Lhwjr<i's 
Lythopktfl4irli  BHtannin  Imnoffrap/zm,  published 
at  Oxford  in  166d,  and  exhibiting  a  vcrv  ample 
catalogue  of  English  fossils  contained  in  the  Ashmo- 
lean  Museum,  may  be  noticed  as  one  of  tLeae. 

One  of  the  most  remarkable  OL-eurrenoes  in 
the  progress  of  descriptive  geology  in  England,  was 
the  formation  of  a  geological  museum  by  William 
Woodward  as  early  as  U}9^.  This  collectioo. 
formed  with  great  labour,  ftystematically  arranged, 
and  carefully  catalogued,  he  bequeathed  to  the 
University  of  Cambridge;  founding  and  endowlag 
at  the  same  time  a  professorship  of  the  study  of 
geology.  The  Woodwardiau  Museum  f^till  subsist^ 
n  monument  of  the  sagacity  with  which  its  author 
po  early  saw  the  importauce  of  such  a  collection. 

Collections  and  deEcriptions  of  fossils,  including 
in  the  term  specimens  of  niin<!rals  of  all  kinds,  as 
well  as  organic  remains,  were  frequently  made,  and 
especially  in  places  where  mining  was  cultivated ; 
but  under  sucli  cbcumstances,  they  scarcely  tended 
at  all  to  that  general  and  complete  knowledge 
of  the  earth  of  which  we  are  now  tracing  the 
progress. 

In  more  modem  times,  collections  may  be  sud 
to  be  the  most  important  books  of  the  geologist 
at  least  next  to  the  strata  themselves.     The  identi* 

'  Pnrkin«Ti,  Orgauir  Hfmninx^  trJ.  i,  p,  Sft 
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ftcftttons  and  arrangements  of  our  beat  geotogistA, 

the  inimonse  ^tudiei^  of  fossil  anutoiii}'  b^^  Cuvier  and 
pothers,  have  been  conducted  mainly  by  means  of 
^■oUections  of  specimens.    They  are  more  important 
^fc  this   study  than  in  botany,  because    epecimena 
which  oontaiD  important  gcolf^ieal  information  are 
both    more    rare    and    more    pernjanenl.      Plants, 
though    each  individual    is   perishable,  perpetuate 
and  diffuse  their  kind;    while  the  organic  impres- 
sion on  a  ettiiie,  if  lost,  may  never  occur  in  a  second 
instance;  but^  on  the  other  hand,  if  it  be  preserved 
the  museum,  the  individual  is  almost  as  penna- 
^nt  in  this  case,  as  the  species  in  the  other. 

I  shall  proceed  to  notice  another  mode  in  which 
icli  information  was  conveyed, 

Sfft.  2.— First  Constmrtion  of  G logical  Mups. 

L  LiSTEii,  Ji  Icarni^d  physician,  SRnt  to  the  Royal 
^iety,  in  1*583,  a  proposal  for  maps  of  soils  or 
dnerals;  in  which  he  suggested  that  in  the  map  of 
for  example,  each  soil  and  its  boundaries 
light  he  distinguished  by  colour,  or  in  some  other 
'ay.      Such  a  mode  of  expressing  and  connecting 
our  knowledge  of  the  materials  of  the  earth.  waJ*, 
perhaps,  obvious,  when  the  mass  of  knowledge  be- 
came considerable.      In  172U,    Fontenelle,   in  his 
observations  on  a  paper  of  Dc  Reaumur's^  which 
kutained  an  account  of  ft  deposit  of  fossil-shells  in 
'ouraine.  says,  that  in  order  to  reason    on    such 
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■•we  tnusl  have  a  kind  ofgeograpliicaJ  eha 
constructed  according  to  t\i*j  rollectijas  of  sbeUbj 
found  in  tliu  farth/'     Bui  lie  ju_stly  adds,  ■*  WiJd  bI 
((umitJij  of  observations,  and  what  lime,  would  it 
not  require  to  form  such  ina|>»r !" 

The  oxecutioa  of  such  pruj^'cts  required.   eiM 
merelj'  ip-pai  labour,  but  several  !sti.'pK  >ii  fn-nr'mtira- 
lion  and  climsificatiun,  hefoTV  il  could  tnkc  ulna- 
Still  such  attempts  were  Diade.     En  1743,  wa^  |>ub- 
Lished,  A   nctP  Philosf^hi^^o^hn'O'jraphmil   Chttn, 
i^  East  Krmt^  tntfmtfd  a-nti  ddi^ieat&d  h\  C'lLriiAu-i 
pher  Packe,  MJX ;    in  which,  however,  the   mun 
obje'ct  is  rather  to  express  the  course  of  the  vullfrj* 
than  the  materials  of  the  country.  Guettard  fbraicd 
the  project  oi  a  mineral o;^ical  map  of  Fraafre,  aad 
Mounet  cajTied  this  scht-roc  iota  effect  in   17>*ll\, 
"by  order  of  the  king."     Jn  these  maps,  howyrer. 
the  country  is  not  con^^idcred  as  divided  iuto  soik, 
&till  less  strata;  hut  each  part  Is  marktnj  wUh  \U 
predoniinant  mineral  only.     The  n|iint  of  ^cficmli- 
action  which  con^tituU^s  the  main  value  ijf  such  a^ 
work  is  wantiitg. 

Geological  maps  belong  strictly  to  Desc^riptive 
Geolf^':  they  are  free  from  those  wide  and  doubtful 
Gpeoulatioii!^  which  fonn  so  large  a  portion  of  Iho 
earlier  geological  Iwoks.  Yet  even  geological  mapn 
cannot  be  u»efuUy  or  coDAistenl^  constructed  wilb- 

1>]K  91^  Mlth  ^1  mftp«. 
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out  eonsiderable  steps  of  classification  ard  gene- 
ralization. IfVTien,  in  our  own  time,  geologists  were 
become  wcarj"  of  controvorsiDs  rcfipucting  theory, 
they  applied  themselves  with  extraordinary  zeal  to 
the  construction  of  stratigraphical  maps  of  various 
countries;  flattering  themselves  that  in  this  way 
they  were  merely  recording  incontestable  facts  and 
differences.  Nor  do  1  mean  to  intimate  that  tlieir 
facts  were  douhtfid,  or  their  distinctions  arbitraiy. 
But  still  they  were  facts  interpreted,  associated,  and 
represented,  by  means  of  the  classifications  and 
general  laws  which  earlier  geologists  had  estab- 
lished ;  and  thus  even  Descriptive  Geology  has  been 
brought  into  existence  as  a  science  by  the  forma- 
tion of  systems  and  the  discovery  of  principles. 
At  this  we  cannot  he  surprixod,  when  we  recollect 
the  many  .steps  which  the  formation  of  Clasaifica- 
tory  Botany  required.  We  must  now  notice  some 
of  the  principal  discoveries  which  tended  to  the 
itiou  of  Systematic  Descriptive  Geology, 
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CHAPTER  iL 
Formation  of  S^'stesiatic  Deschipttve  Geolog? 


Sect.  1. — Discoreiy  of  the  Order  find  Stmtij 
^tha  Materials  <ifth&  Earth, 

THAT  the  substances  or  which  Ihp  earth  is 
Earned  are  not  scattered  and  mixed  at  randon]. 
but  possess  identity  and  coQtinuity  to  a  considera- 
ble extent*  Liaipcr  r'es  aware,  when  he  proposed  his 
map.  lint  there  is.  in  hia  sugfjcstion*^  nothing 
relating  to  stratification;  nor  any  order  of  positm 
still  less  of  time,  assigned  to  tbese  materials,  Woo<J- 
wan!,  however,  appears  to  have  bROn  fully  aware 
of  the  general  law  of  stratification.  On  collecting 
information  from  all  parts,  **the  result  was,"  \\t 
says,  *'that  in  time  I  u-as  ahundantly  assurer!  thai 
the  circumstances  of  these  things  in  remoter  coun- 
tries were  much  the  same  with  those  of  ours  lirre: 
that  th^  stone,  and  other  terrestrial  matter,  in  France, 
Flanders*  Holland,  Spain.  Italy,  GermaDy,  Denmark, 
and  Sweden,  was  distinguished  Into  strata  or  la^trt^ 
as  it  is  in  England;  thnt  tbe^e  strata  were  divided 
by  parallel  fissures;  that  there  were  enclosed  in 
Ibe  stoDO  aiid  ail  the  other  denser  kind^  of  lerrcs*- 
trial  matter,  great  numbers  of  the  shelLs,  and  otbw 
prodnctiona  of  the  t^a^  in  tlic  same  manner  aa  in 
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that  of  this  island  ^"    So  remarkable  a  truth,  thus 

P  collected  from  a  copious  collection  of  particulars 
hy  a  patient  induction,  was  an  important  step  in 
I     the  science. 

^B      These  general  facts  now  began  to  be  commonly 
Brecogniied,  aod  tbUowed  into  detail.    Stukeley  the 
"antiquary' (1724),  remarked  an  rmi>ortaiit  feature 
in  the  strata  of  EiigljiTid,  that  thtJp  escirrjfmejil:^,  or 
fitee]>est    sides,  are  tiimed  towards  the  west   and 
north-west;  and  Straehey'  (1719),  ^i^ave  a  stratigra- 
pliical  description  of  certain  coal-mines  near  Bath*. 
Michell^  appointed  Woodwardian  Professor  at  Cam- 
bridge in  1762,  described  this  stratified  structure  of 
the  earth  far  more  distinctly  than  his  predecessors, 
and  jMjioted  out,  as  the  consequence  of  it,  that  "  the 
same  kind^   of  earths,  stones,  and  minerals,   will 
appear  at  the  suriace  of  the  earth  in  long  parallel 
slips,  parallel  to  the  long  ridges  of  mountams  ;  and 
eOt  in  fact,  we  find  thcni* " 
^^      Michel]  (as  appeared  by  jiapers  of  his  which 
^^ere  esamiued  after  his  death)  had  made  himself 
acquainted  with  the  series  of  Eri^lish  strata  which 
thus  oeeur  from  Camhridgc  to  York ; — that  i^  from 
the  chalk  to  the  coal.     These  relations  of  position 
squired   that   geological  maps,   to  complete   the 

*  JtinCTnristm  Carlo^nm,  1724. 

■  Fhit.  Tfu'^s.  IJjy,  ucd  06icruBi;wi*  on  Strafa,  J^c,  1729- 
'  FittOD,  AttimU  of  Phii^aphy,  N.S.  voJ.  \,  Bni  u- (1632,3), 
157-  '  Phil.  TrantAim, 
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inform Jilirin  thoy  conveyed  should  be  acw>m|aTiinl 
by  geological  Sfrtitij/s^  or  inia^inury  represents tiutui 
of  the  order  and  mode  of  supt'rpositioDfi.  as  well  ^ 
of  the  superficial  extent  of  the  strata,  as  in  itiorw 
recent  times  has  usually  been  done.  The  ^rata, 
as  wc  travel  froin  tlio  higher  to  the  lower,  come 
from  under  caeli  other  into  view;  and  tUis  ovU 
fToftpJitff,  itanittffnfr,  or  by  whatever  other  term  it 
b  described,  ia  an  important  feature  in  their  dp- 
fcription. 

It  was  further  noticed  ihat  these  relati<>ns  of 
position  were  combined  witli  other  important  fart*, 
which  irresistibly  suggested  the  notion  of  a  rela- 
tion in  time.  This,  indeed,  was  implied  in  all  theo- 
ries of  the  earth;  hut  ohH^rvations  of  the  facta 
most  reqTiire  our  notice^  Steno  is  asserted  by  Hum- 
bolt™  to  be  the  first  who  (in  16G9)  distin^ished 
between  rocks  anterior  to  the  existence  of  plantt 
and  animals  ujion  the  globe,  containing  theri^fore 
no  organic  remaiiLs;  and  ruekH  superimposed  on 
these,  and  full  of  such  remains,  -'turbidi  maiis  sedi- 
menta  sibi  invjcem  mposita." 

Uouelle  is  staled,  by  his  pupil  Desmarest,  to  h&vt 
made  some  additional  and  important  obaerratiomL 
"He  saw/"  it  is  said,  **that  the  shells  which  ocour 
in  rocks  were  not  the  same  in  all  countries;  that 
certain  species  occur  together,  while  otliers  do  not 
«ccur  in  the  same  bedf ;   tliat  tliert  i^  a  constant 
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jrder  in  the  arrujigtmi^ttt  of  titcst;  shcllH»  certain 
species  lying  in  distinct  bands^." 

Such  divisions  as  these  required  to  be  marked 
bj"  tocJmical  uames.  A  distinctiou  wai;  made  q^  Can- 
cie'fiiifi  terre  and  hi  nonrelle  terrCt  to  which  Houclie 
added  a  Iravaille  interrtiediaire,  Rouelle  died  in 
1770,  having  been  known  by  lectures,  not  by  books. 
Tubman,  in  1750,  claims  for  himself  the  credit  of 
being  the  first  to  observe  and  describe  correctly  the 
structure  of  stratified  countries;  being  ignorant, 
probably,  of  the  labours  of  Strachey  in  England. 
Ho  divided  mountiiins  into  three  classes*;  primi- 
iir^y  which  were  formed  with  the  world;— those 
which  resulted  from  a  partial  destruction  of  the 
primitive  rocks; — and  a  third  class  resulting  from 
^local  or  universal  deluges.  In  175!^,  also,  Arduine\ 
his  Memoirs  on  the  nmuntains  of  Padua,  Vi- 
mza,  and  Verona,  deduced,  from  original  observa- 
UoDs,  the  distinction  of  rocks  into  prittiaiy^  second- 
ir//  and  t^rtiur^if. 

The  relations  of  positioti  and  fossils  were,  from 
lis  period  inseparably  connected  with  opinions 
incerning  succession  in  time.  Odoardi  remarked'*, 
lat  the  strata  of  the  Subapennine  hills  are  uncon- 
formable to  those  of  the  Apennine,  (as  Strachey  had 
observed,  that  tho  strata  above  the  coal  were  uucou- 
e  to  the  coal";)  and  his  work  contained  a 

'  Encifcl.   MUtlnjd.  Ueogr.  Phyt.  turn,  i-  p-  4113,  quoled  hj 
■^ittoD  OS  abuTc«  p.  15E!. 
■  Lyell,  i.  70.        '  lb.  73.        '"  lb.  71-        "  t'itton,  p^  1^1- 
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dear  arp^um^nt  respecting  the  different 
Uk*s(?  twn  cla^wos  of  hills,  Fudtsel  was.  in  I' 
aware  of  the  distinctni^as  of  stnita  cf  di^n^nt  t^» 
in  Cerniaay,  Pallas  and  Saussure  were  guided  bj 
general  views  of  the  same  kind  in  observing  the 
cou[Ltries  wliich  they  visited:  but,  perhaps,  ibe 
general  circulation  of  such  notions  was  mo6t  du6 
to  Werner, 


Sect,  2. — Sjjstematic  Form  rjiiren  to  Deffcriptm 

Geolo/j^.- —  }\'t:nier. 

Werhee  expressed  the  general  relations  of  the 
strata  of  the  earth  by  means  of  classificatjon^ 
which,  so  far  a.s  gi'Qcral  iipplicability  is  conccmeiL 
are  Gxtroniely  imperfect  and  arbrtrary;  he  protiiiil' 
gated  a  theory  which  alroost  entirely  neglecteil  all 
the  facts  previously  discovered  respecting  the  group- 
ing of  fossils^ — which  was  founded  npon  observs- 
tion^  made  in  a  very  limited  district  of  GiTmany, — 
and  which  was  contradicted  even  by  the  faeU  of 
this  district.  Yet  the  acuteness  of  his  diecrimiD*- 
tion  in  the  subjects  which  he  studied,  the  generality 
of  the  tenets  hi?  asserted,  and  the  charm  which  he 
threw  about  his  speculationH,  gave  to  geology,  or, 
as  he  termed  it,  Geotjnosf!^  a  popularity  and  reputa- 
tion which  it  had  never  before  possessed.  Hifl  sy*- 
tem  asserted  certain  universal  formatioo^  vrliidi 
foUowud  each  other  in  a  constant  order ;^-graiule 
the  lowest, — then  mica-sbte  and  clny-slate; — upon 
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these  primitive  rocks,  ^nerally  highlj  incliaed, 
rest  <>tliLT  iransithiu  t^trata; — upon  these,  lie  w?- 

roufUtry  ont?s,  which  Ifuing  more  u early  lioriiontal, 
are  tuCAG^ffiiz  or  tiat.  The  ierm/or/n/Uion,  which 
we  have  thus  introduced,  indicatiug  groups  which, 
by  evidence  of  all  kinds,- — of  their  materials,  their 
position,  and  their  oi^nic  contents^ — are  judged  to 
belong  to  the  same  period,  implies  no  small  amount 
of  thcorj-:  yet  this  term,  from  this  time  forth,  is  to 
be  looked  upon  as  a  tenn  of  classifieation  solely,  so 
r  as  class iticatioD  can  be  separately  atteailcd  to. 
Werner's  distinctions  of  strata  were  for  the 
most  part  drawn  from  luineralogical  constitution, 
Douhtkss,  lu^  c^]iild  not  full  to  perceive  the  ^eat 
importance  of  organle  fossiLs.  "I  was  witness," 
ys  M.  de  Humboldt,  one  of  his  most  philosophical 
followers,  "of  the  lively  satisfaction  which  he  felt 
beo,  in  179^,  M.  De  Scidotheim,  one  of  the  most 
istiTi;[:uished  geologists  of  the  school  of  Freiberg, 
began  to  make  the  relations  of  fossils  to  strata  the 
principal  object  of  his  studies/"  But  Werner  aud 
the  disciples  of  his  school,  even  the  most  enliirlit- 
ned  of  them,  never  employed  the  characters  de- 
ii'ed  from  organic  remains  with  the  same  bcjdness 
and  per^^everaiieL^  as  those  who  had  from  the  first 
considered  them  as  the  leadh^g  phenomena;  thus 
M,  de  Humboldt  expresses  doubts  which  perhaps 
juany  other  geologists  do  not  feel  >^hen,  in  lS"i3.  he 
ys,  *'Are  wo  jus-titied  in  coucluding  that  all  forma- 
ions  are  characterized  by  particidar  sjieeics?  tliat 
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ihc  fossil-sliells  of  the  cbalk,  the  musch&lkaUJ,  thff 
Jura  liiTieftlone,  and  the  Alpine  limestone,  are  all 
diftlTL'iit '^  1  think  this  would  he  pushin;^'  tlie  induc- 
tion much  too  tar".'*  In  Prof  Jameson's  Gco*fmisti. 
which  may  be  taken  as  a  representation  of  the 
Wernerian  doctrines,  organic  fossils  are  in  no  in* 
Btaiice  referred  to  as  characters  of  formations  or 
strata.  After  tho  curious  and  important  cvidenee, 
ctmlaiTtcd  in  or^nlc  fossils,  which  had  bL-eii  broi^ht 
into  view  by  the  labours  of  Italian,  English,  and 
German  writers,  ibe  promulgation  of  a  system  of 
Descriptive  Geology^  in  which  all  this  evidence  was 
neglected^  cannot  be  considered  otherwise  tban  as  a 
retrograde  step  in  science. 

Werner  maintained  the  aqueous  deposition  of 
all  strata  allo^'('  the  primitive  rocks ;  even  of  thoso 
mip  r<>ckH,  to  which,  from  their  resemblance  to  lara 
and  otiier  phenomena,  ICaspe,  Arduino,  and  others. 
had  already  assigned  a  volcanic  origin.  The  tierce 
and  long  controversy  between  the  Vtxfrani^U  and 
Neptuuwtrt,  which  this  dogma  excited,  does  not 
belong  to  this  part  of  our  history';  but  tho  dis- 
covery of  veins  of  granito  penetrating  the  superin- 
cumbent slate,  to  which  the  controvcry  ted,  was  an 
important  event  in  descriptive  geology,  HuttoA, 
the  author  of  the  theory  of  igneous  causation  which 
was  in  this  country  opposed  to  that  of  Weroer. 
sought  and  found  this  phenomenon  in  the  Grampian 
hills,  In  I78ii.     This  supposed  veriiicatiou  of  hia 
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nyst^'Hi  '*6[led  liitn  with  dolight,  and  (tailed  forth 

I     such  marks  of  joy  and  exultation,  that  the  guides 

who  accompanied  him  were  persuaded,  saj's  his 

,     bio^apher^,  that  he  must  havg  discovored  a  vein  of 

dlvor  or  gold'*-" 
H  Desmarcsfs  exaniination  of  Auvergnc  (176S), 
^Khcwed  that  there  was  there  an  instaoce  of  a 
^KOimtry  which  eonM  not  evGu  he  described  without 
^fterma  implyinip  that  the  hrusalt,  which  covered  so 
large  a  portion  of  it,  had  flowed  from  the  craters  of 
extinct  volcanoes.  His  map  of  Auvergnc  was  an 
exccUent  example  of  a  survey  of  such  a  country, 
thus  exhibiting  features  quite  different  from  those 
of  common  stratified  countries"*. 

The  facts  coanected  with  metalliferous  veins 
I  were  also  objects  of  Werner's  attention.  A  know- 
ledge of  such  fjifts  U  viiluable  to  the  geologist  as 
well  as  to  the  miner,  although  even  yet  much  diffi- 
culty attends  all  attempts  to  theorize  concerning 
them.  The  facts  of  this  nature  have  been  collected 
in  great  abundance  in  all  miuing  districts;  and 
form  a  prominent  part  of  the  descriptive  geology 
I     of  f!Ucb  distrbts;  as,  for  example,  tho  Hartz,  and 

Cornwall. 
^B      Witbout  fiirthor  pursuing  the   history  of  the 
^tnowledge  of  the  iuorganic  phenomena  of  the  earth, 
I  turn  to  a  Htill  richer  department  of  geology,  which 
concerued  with  organic  fossils, 

"  PJn^'rnir'e  lVori:s,  val  iv.  p.  76,  "  Lydl,  i.  00. 

"  Lydl,i.8S. 
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Sact.  3. — Appllrathn  of  Organic  Iffmnrm  <u  a 
Gcofogkal  C/iarackr, — Smith. 

RouELLE  auil  Udoanli  bad  jierceivcfl,  a«  wo  bmre 
seen,  that  fossils  were  grouped  in  l^ands:  but  from 
tills  general  observation  to  tliEr  execution  of  &  sutv 
vo}'  (kfa  larf^'o  kin^oin,  fouudcd  upon  this  prmciplo. 
would  havt^  broil  a  vtust  stndo,  ovcu  if  the  avithorof 
it  bad  been  aware  of  tbc  doctrines  thus  asserted  by 
these  i^Titers.  In  fact,  however,  William  Smith 
ejKocuteil  sueh  a  survey  of  England,  with  no  othirr 
guide  or  help  than  his  own  sagacity  and.  per&o 
verance.  la  his  employmetta  as  a  civU  engineer, 
he  noticed  tbc  remarkable  continuity  and  congtAnt 
order  of  tbc  strata  in  the  neighbourhood  of  Batli,  as 
discrinunated  by  their  testis;  and  about  the  year 
1703,  be^'  drew  up  a  Tabular  View  of  the  strata  of 
thai  district,  which  contained  the  germ  of  bus  $ub- 
ae*:]uoiit  discoveries.  Finding  in  the  north  of  Eng- 
land the  same  strata  and  a^^sociatioDS  of  strata  i^ith 
which  he  had  become  acquainted  In  tlic  west,  \\t 
was  led  to  name  them  and  to  represent  them  by 
means  of  maps,  according  to  their  occurrence  over 
the  whole  face  of  England.  These  maps  appeajcd'' 
in  1H15;  and  a  work  by  the  samu  aulliur,  cntitUi*! 
The-  Englhh  Sftata  id^itf^vd  h}i  Oiyanir.  /ff^tioitis, 
came  forth  later.  But  the  views  on  which  tin* 
idcntiti cation  of  strata  rests,  belong  to  a  consider- 
ably earlier  date;  and  bad  not  only  hvca  acttd 

"  Pitlon,  p.  J48.  "  BnU  A«m^  103^     Oonj^bww,  p-WSL 
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upon,  but  freely  imparted   in  conversation  many 
/ears  lie  fore. 

In  the  mean  time  the  study  of  fossils  was  pur- 
led with  zeal  in  various  countries.     Lamarck  and 
tefraoce  employed  themselves  in  determining  the 
Tsail-shells  of  the  neigh  ho  urliood  of  Paris";  and 
le  interest  inspired  by  this  subject  was  strongly 
lourished  and  stimulated  by  the  memorable  work 
if  Cuvier  and   Bron^miart,    On  the  Envirang  qf 
^aHs^  published  in  1811,  and  by  Cuvier*s  subse- 
lent  researches  on  the   subjects   thus   brought 
under  notice.    For  now,  not  only  the  distinction, 
^Buccession,  and  arrangement,  but  many  other  rela- 
Blions  among  fossil  strata*  irresistibly  arrested  the 
"attention  of  the  philosopher.     Brongniart'^  showed 
that  very  striking  resemblances  occurred  in  their 
foAral  Temains,  between  certain  strata  of  Europe 
and  of  jVortii  Ajnerica;  and  proved  that  a  rock 
may  be  so  much  disguised,  that  the  identity  of 
le  stratum  can  only  be  recognized  by  geological 
sbaraclrrs'". 

The  Italian  geologists  had  found  in  their  liills, 

>r  the  most  part,  the  same  species  of  shells  which 

existed  in  their  seas;  but  the  German  and  English 

Titerji,  as  (iesner",  Itaape"  and  Brander",  bad  per- 

uved  that  the  fossil-shells  were  either  of  unknown 


"  Humboldt,  Gits.  d.  H.  p.  35. 

'"  Hit!.  jVff/.  dfj  Cntufnch  Fflssilea^  pp.  57,  02. 

"  Humboldt,  Gr'jj.  d.  R.  p.  45, 

■'  Ljell.LyO,  "  Ib.7*-  ■•  lb.  7fi- 
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tpeeicSf  or  of  siich  as  lived  m  dt&Uut  latitudes.  To 
dtTuk  tlmt  till'  animals  anil  plants,  of  which  we 
find  the  remains  in  a  fossil  state,  were  of  specirfl 
now  extinct,  obviously  required  an  exact  and  e\ten- 
sive  knowledge  of  natural  history.  And  if  this  wctc 
sOfc  to  asHJgii  the  relations  of  tliu  past  to  thn  ex.i&tiii|c 
tribes  of  beings,  and  the  peculiarities  of  their  vital 
processes  and  habits,  were  tasks  which  could  not  h} 
performed  williout  the  most  consummate  physiolo- 
gical skill  and  talent-  Such  tasks,  however,  have 
been  the  familiar  employments  of  geologists,  aod 
naturalists  incited  and  ay»pealed  to  by  geologists. 
ever  since  Cu^ier  published  his  examiuation.  of  the 
fossil  iidtabitants  of  the  Paris  ba^in.  Without  at- 
tempting a  history  of  such  labours,  I  may  Doticv  m 
few  cireumstanecs  connected  with  them. 


Sect.  4. — Advances  in  PaUsmtolog^^ — Ctirier^ 

So  long  as  the  organic  fossils  which  were  found  m 
the  strata  of  the  earth  were  the  remains  of  marine 
animals,  it  was  very  difficult  for  geologists  to  be  j 
assured,  that  the  animals  were  such  as  did  nol  I 
exist  in  any  part  or  dime  of  the  existing  ocean. 
But  when  large  land  and  river  animals  were  dis- 
covered, different  from  aoy  known  species,  the  per^ 
suasion  that  thev  were  of  extinct  raais  wjts  forci'd 
upon  the  naturalist.  Yet  this  oplmon  wat^  aot 
taken  up  slightly,  nor  acquiesced  in  without  many 
struggles. 
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Bones  supposed  to  belong;  to  fossil  olephanta, 
'crc  some  of  the  first  with  regard  to  whicli  this 
taclusion  was  estabtished.  Such  remains  occur  ia 
[vast  numbers  in  the  soil  and  gravel  of  almost  every 
part  of  the  world ;  especially  in  Siberia,  where  they 
are  called  the  bones  of  the  mamwi)tk.  Tliey  had 
m  noticed  by  the  ancients,  as  wo  Icam  from 
*liny=* ;  and  had  been  ascribed  to  human  giants,  to 
'elephants  imported  by  the  Romans,  and  to  many 
other  ericas.  But  in  1790,  Curicr  had  examtneil 
lese  opinions  with  a  more  profound  knowledge 
[(han  his  predecessors ;  and  ho  th\is  stated  the  result 
of  his  rcsearchoB^.  "With  ref^rd  to  what  have 
been  called  the  fossil  remains  of  elephants,  from 
Tentzelius  to  Pallas,  I  believe  that  I  am  in  a  condi- 
tion to  prove,  that  they  belong  to  animals  which 
very  clearly  different  in  species  from  our 
fxisting  elepliants,  nlthongh  they  resembled  them 
sufficiently  to  be  considered  as  belonging  to  the 
same  genera,"  He  had  founded  this  conclusion 
principally  on  tlm  structure  of  the  teeth,  wliich  he 
found  to  differ  in  the  Asiatic  and  African  elephant; 
while,  in  the  fossil  animal,  it  was  different  from 
both.  But  he  also  reasoned  ia  part  on  the  form  of 
the  skull,  of  which  the  best-knomi  example  had 
been  described  in  tlio  PhUosophical-  Trm(sacl'utn» 
as  early  as  1737"      "As  soon/'  says  Cuvior,  at  a 

'*  Hut.  Nat.  lih.  ixiri.  la 
•*  W^m,  In$l.  Math,  et  Phys.  torn.  u.  p,  4, 
"  DuticriW  by  llreyue  from  a  Bpocimen  fuiuid  in  SUsria  by 
Mnsunfcliiiiidt  Lit  1722-     Pfiit,  Trans.  ^,  44(j. 
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hti^T  period,  ''as  i  became  acquainted  with  MesaeN 
Schmidts  drawing,  and  joined  to  the  di^erenccs 
which  it  presented,  those  which  I  had  rojself  ob- 
served in  the  iriferior  jaw  and  the  molar  teeth,  I  no 
longer  doubted  that  the  fossil  elephants  were  of  a 
spedes  different  from  the  Indian  elephant.  Thii 
idea»  whidi  1  anuoimced  to  the  Institute  iti  the 
month  of  January'.  I7ii(\  oj^ned  to  me  views  en- 
tirely new  respcetiug  the  theory  of  the  OArth; 
and  determined  me  to  devote  myself  to  the 
long  researches  and  to  the  aFsidunus  liiboim 
whieh  have  now  occupied  me  for  tweiity-fivo 
years".'' 

We  have  here,  then,  the  starting-point  of  tho»e 
Teeeajches  concerning  extinct  animals,  which,  ever 
since  that  time,  have  attracted  so  large  a  sharo  of 
notice  from  geologists  and  from  the  world,  Cuvier 
could  hardly  have  anticipated  the  vast  storehouse 
of  mn^ttriais  wliirh  lav  under  his  feet,  ready  to  sup- 
ply him  occupatiou  of  the  most  intt^nso  interest  ia 
the  career  on  which  he  had  thus  entered-  The 
examination  of  the  strata  on  which  Paris  standf^ 
and  of  whicli  Its  buildings  consist,  supplied  hun 
with  animals,  not  only  different  from  existing  one^ 
but  some  of  them  of  great  size  and  curious  pecu- 
liarities. A  careilil  examination  of  the  remaiiifi 
which  the^e  strata  contain  was  iindertakon  soon 
after  the  period  we  have  referred  to.  In  1802, 
Defraiice  had  collected  several  hundreds  of  undo- 

'^  fhirtnfni  Forrilft,  vconJ  edit- 1. 1 JS. 
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scribed  sppoies  of  shells;  and  Lamarck**  bt^n 
a  series  of  Memoirs  upnii  them;  remodellJDg  the 
whole  of  conchology,  in  order  that  they  might  be 
included  in  its  classiti  cat  ions.  And  two  years  after- 
arils  (1S04)  appears  the  first  of  Cuvier's  ^and 
scries  of  Memoirs  containing  the  restoration  of  the 
vertebrate  animals  of  these  strata.  In  this  vast 
natural  Tuuseum,  and  in  contributlops  from  other 
parts  of  the  globe,  he  discovered  the  most  extraor- 
dinary creatures: — the  Paheotherium",  whJcli  is 
intermediate  between  the  horse  and  the  pig;  the 
Anoplotheriura,  which  stands  nearest  to  the  rhino- 
ceros and  the  tapir;  the  Megalonix  and  Megathe- 
rium, animals  of  the  sloth  tribe,  but  of  the  si/e  of 
the  ox  and  the  rhinoceros.  The  Memoirs  which 
contained  these  and  many  other  discoveries,  set  the 
naturalists  to  work  in  every  part  of  Europe. 

Another  very  curious  class  of  animals  was 
brought  to  light  principally  by  the  geologists  of 
England;  animals  of  which  the  bones,  found  in  the 
lui.^  stratum,  were  at  first  su|iposed  to  he  those  of 
crocodiles.  But  in  1816"  Sir  Everard  Home  saya, 
"In  truth,  on  a  consideration  of  this  skeleton,  we 

not  but  be  inclined  to  believe,  that  among  the 
animals  destroyed  by  the  catastrophes  of  remote 
antiquity,  there  had  been  some  at  least  that  differ 
so  entirely  in  their  structure  trom  any  which  now 

AmmUa  lia  Mu^Ciim  /fUitt.  Naf-  lum.  ir  p.  30fl,  ojiJ.  tlio 
BiTVowin^  Tolumca.  "*  DauLuimoD,  ii  411. 
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eust  as  to  make  it  inipoisiblo  toarran^  their  fossl 
remains  with  any  kacwn  class  of  aDlaials.*'  Tbp 
animal  thus  r^f^rred  to  being  clearlv  intermediab^ 
between  fishes  and  lizards,  was  named  hj  Mr.  Kodj^ 
IcJtt]nrosmirUis :  and  its  structure  ai»d  constitutioa 
were  more  precisely  determined  by  Mr.  Conjbeare 
in  1S21,  when  be  had  CHrcasiun  to  compare  with  h 
another  extinct  animal  of  which  he  an<l  Mr.  De  la 
Beche  liad  collected  the  remains.  This  animflJ, 
still  more  nearly  approaching  the  lizard  tribe,  w»s 
by  Mr.  Copybeare  called  Phmosauru3^\  Of  each 
of  these  two  genera  several  specios  were  afterwanl* 
found. 

Before  this  time,  the  dlffGrences  of  the  races  of 
animals  and  plants  bclon^ng  to  the  past  and  the 
present  periods  of  the  earth's  history,  had  become 
a  loading  subject  of  speculation  among  geological 
iintumlists.  The  science  produced  by  th»s  study  of 
the  natural  history  of  former  states  of  the  earth  bos 
been  termed  Ptjla'ontryfoffr/ ;  and  there  is  no  branch 
of  human  knowledge  more  fitted  to  stir  men's 
wonder,  or  to  excite  them  to  the  widest  physiolo- 
gical speculations.  But  in  the  present  part  of  our 
history  this  science  requires  our  notice,  only  so  far 
as  it  aims  at  the  restoration  of  tlie  tj  pes  of  anrifrnt 
animal^  on  clear  and  undoubted  prinL-t]>les  of  com- 
parative anatomy.  To  show  how  extensive  and 
how  conclusive  is  the  science  when  ihiis  directed, 
we  need  only  refer  to  Cuvier"*  0»s€viens  Fo*- 
■■  Gru/.  r™w,  vol.  r. 
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Hi^"^:  a  work  of  vast  labour  and  profouTid  know^ 
ledge,  which  has  ojjened  wide  tho  doors  of  this  part 
of  geology.  1  do  not  h^-re  attunipt  even  to  niftition 
the  labours  of  tho  niari;^'  otiier  eminent  contnlmtors 
to  Palaeontology ;  as  Brocchi,  Hrs  Hayes,  Sowerby, 
Goldfiiss,  AgassiK.  who  have  employed  themselves 
OD  animals,  and  Schlottheini,  Brongniart,  Hutton, 
Lindley,  on  plants  (z). 

When  it  had  thus  been  established,  that  the 
strata  of  the  earth  are  characterized  by  inuuruerable 
remains  of  tbe  organized  beings  wljich  formerly 
inhabited  it,  and  ihaL  ajiatomica^l  and  pthysiologieal 
considerations  mnst  bo  earofnlly  and  sskilfiilly  ap 
plied  in  order  rightly  to  interpret  these  characters, 
the  geologist  and  the  palaeontologist  obviously  had, 
bronght  l>ei'ore  tlieni,  many  very  wide  and  striking 
questions.  Of  the^e  we  may  give  some  instances; 
but,  in  the  first  place,  we  may  add  a  few  words  con- 
cerning those  eminent  philosophers  to  whom  the 
ficieuce  owed  the  ha^is  on  which  succeeding  specu- 
lations were  to  be  huUt. 

S^^-  5- — Intfllfctunl  Cfrtirariej'n  (if  the  Founders 
f}f  St/slitrt/tf-ic  Desr-Hpiicfi  frcoia/ff/. 


It  would  bo  in  accordance  with  the  course  we 
have  pursued  in  treating  of  other  subjects,  that  we 
should  attempt  to  point  out,  in  the  founders  of  the 

"  THtf  first  eHiCion  uppparwi  in   IB13.  fonmrting  principally 
of  thf  Memnim  iri  ivUii'h  mfrfwiiw  liu  (Jr«-4il_v  l*en  m*de' 
VOL-IIE,  OO 
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ficipTice  now  urnlpr  c<in  si  deration,  thoso  tntcllotlual 
(|ualitii-'&  and  hal>its  t<>  wliich  wr  asrriW  their  suc> 
ces9.  The  very  rectmi  datp  of  liie  gpni^ralifatioof 
of  peology,  which  ban  hanllv  allowed  ua  time  u» 
distinguish  thp  caEm  exprc.-ision  of  the  opinion  of 
the  wisest  judges,  might,  in  this  instance,  relieve  tu 
from  mmh  a  dutv;  but  since  our  ^daii  up|»ears  tii 
suj^p-st  it,  we  will,  at  Ifast,  endeavcmr  to  mark  tht 
characters  of  the  founders  of  geolt^y,  Iry  a  few  of 
their  prominent  lines. 

The  three  perstnis  who  muE^t  be  lonkcn)  njion  -i* 
the  main  authors  of  geological  elassifiejition  are, 
Werner,  ^mith.  and  Cuvier  Tliese  three  men  wem 
of  very  different  mental  constitution;  and  it  will 
perhaps,  not  be  ditticull  to  com|jare  tbem>  in  re- 
ference to  those  i|[ia]itie^  which  we  have  all  alun^ 
represented  as  the  tnain  features  of  the  Jiseovrrcr"a 
genius,  clearness  of  ideas,  the  possession  of  nuTnorous 
fact«,  and  the  power  of  bringing  these  two  elcmenti 
into  contact 

In  the  German,  cousidpring  him  as  a  geologist 
the  ideal  element  predoniinateil.  That  Werner's 
powers  of  external  discrimination  were  extremely 
acut«,  we  have  aeen  in  speaking  of  him  as  &  mine- 
rahjgifit;  and  his  talent  and  tendcnc_v  for  cla.^sifviog 
were,  in  his  mineralogical  atuUi^%  fiilly  fed  bv  m 
abundant  sti^re  of  observation ;  but  when  lie  eainc 
to  apply  this  methodizing  power  to  geology,  the 
lore  of  system,  so  fostered,  a|i]>car8  to  havo  b(*en 
too  strung  for  the  i^llection  of  factfi  he  had  to  deal 
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wiih.  As  we  have  already  said,  he  promulgateii, 
as  representing  tUu  worU,  a  sohenie  cullecled  trom 
a  [Ti»viitce,  and  even  too  hJLstily  gatbered  from  thai 
narrow  field.  Vet  his  intcnsr  spirit  'if  ini^thod  In 
suiLic  measure  compensated  for  other  deficiencies 
and  enabled  him  to  give  the  character  of  a  science 
to  what  had  bueu  before  ii  cfillection  of  mificcl- 
lancons  ph<?noniena.  The  ardour  of  system-making 
produced  a  sort  of  jiision,  which,  however  super- 
ficial, fierved  to  bind  together  the  tnass  of  incohe- 
rent ami  mi^ed  mal^^riaJ^,  and  thus  to  ibnn,  though 
by  strange  and  aocmalous  means,  a  structiire  of 
no  small  strength  and  durability,  like  the  ancient 
vitrifitd  structures  whiuh  w«  find  in  some  of  our 
mouutjiiu  regions 

Of  a  very  diilerent  temper  and  character  was 
William  Smith.  No  literary  cultivation  of  his  youth 
awoke  in  him  ihv  speculative;  love  of  symmetry 
and  system  :  hut  a  singular  clcamea^  and  preci&iion 
of  the  classifying  power,  which  ho  possessed  a3 
a  native  talent,  was  exercised  and  developed  by 
exactly  thctse  geological  facts  among  which  his  phi- 
losojdiii'al  tusk  lay.  .Some  of  the  advances  which 
he  made,  had,  as  we  have  seen,  been  at  least  entered 
upon  by  others  who  preceded  him:  but  of  all  this 
he  was  ignorant ;  and^  pcrha|^&  weut  on  more 
steadily  and  eagerly  to  work  out  hi^  own  idea^ 
from  the  perauat^ion  that  they  were  entirely  his  own. 
At  a  later  period  of  his  life,  he  himself  described 
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tlie  views  wliich  had  animated  ]jim  in  hl^  ^^U7 
[iri>gre,s,s.  Til  this  jiccQunt^  he  ilatoK  hiM  3ilte[n|»u 
to  ili**ritniu;ite  a.nd  connect  wtratH  frnm  the  yw 
17l>(',  at  which  time  ht?  was  twent^v  >C'ars  old,  b 
17i>2,  he  "iiad  ccnsiderrd  hnw  he  could  Ucft  rrun^ 
st-'iilthi'  order  iifsijrjj('rjM>sitiou — (Miuliiiuity  uf  ctfi 
— and  genorai  caai^^rn  declitialirni  oi"  the  irtnUi." 
Soon  nfUir,  doubts  which  had  arisen  were  removw! 
hy  ihc  *' discovery  of  a  mode  of  idenli^ing  i\w 
stralji  b^v  the  oi^amzed  fossils  respectively  imbedd^ 
themii/'  And  "*  thus  storc-d  with  idoas-"  as  be  c^^h 
presses  himselt  he  began  to  communicate  them  tii^ 
his  friends.  In  all  this,  we  see  great  vividae^  of 
thuught  and  activity  of  iniud,  unibldiag  it^ielf  ex^ 
actly  ill  }>ro]»(trt!uii  to  the  fact^  with  nbich  tl 
lu  deal.  We  arc-  reminded  of  that  eydopean  archi- 
tecture in  which  each  stone,  as  it  occurs,  is  nUbj 
woiidcriul  ingenuity,  and  with  the  lea^l  possiHi 
alteration  of  lis  fonn,  shaped  t^o  as  to  6t  its  pi 
in  ?t  solid  and  Li^thig  cdilice. 

Different  yet  again  was  the  character  {as  a 
higieal  discoverer),  of  the  great  naturalist  of  lh< 
heginntn^  of  the  nineteenth  century.  In  tliat  part 
of  his  lahours  of  which  we  havti  now  to  Bj^ak. 
Cuvier'e  ih>minant  ideas  were  rather  physiological 
than  geological-  in  his  views  of  past  pliysical 
olianges,  he  did  not  seek  to  iuchide  any  rangt^ff 
faints  wliich  la^v  mut^h  beyond  the  narrow  Held 

•*  Pkit.  Maf!,  IHTll,  vfll.  i,  !>.  'Ml. 
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the  Paris  liasin.  But  his  sagarity  in  applying  his 
own  great  pritiofjile  ol"  the  conditions  of  existence, 
gave  him  a  peculiar  and  unparalleled  power  in 
interpreting  the  most  imperfect  fossil  records  of 
extinct  anatomy.  In  the  constitution  of  his  mijid, 
all  philckso[jhical  endowments  were  so  admirably 
developed  and  disdplined,  that  it  was  difficult  to 
say,  whether  more  of  his  power  was  due  to  genius 
or  to  culture.  The  talent  of  ckfiftifying  whieh  he 
exerciseil  iu  geologj',  wa-s  the  result  of  the  most 
complete  knowledge  and  skill  in  zoology;  while  his 
views  concerning  the  revolutions  which  had  taken 
place  in  the  organic  and  inot^anic  world,  were  in 
no  small  degree  aided  by  an  extraordinary  com- 
mand of  historical  and  other  literuture.  His  guid^ 
ing  ideas  had  been  formed,  his  facts  had  been 
studied,  by  the  iissistance  of  all  the  sciences  which 
could  be  made  to  hear  upon  them.  In  his  geolo- 
gical labours  we  seem  to  sec  some  bcautitui  temple, 
not  only  firm  and  fair  in  itseU;  but  decorated  with 
sculpture  and  painting,  and  rich  in  alt  that  art  and 
lal>our,  meniory  and  imagination,  can  contrihute 
to  its  beautv(A  A]. 
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S&:i.   1. — Reception  aiul  IMfftunon  qf  St/ali^mtm 
(reoftjf/y. 

IF  our  ucaniess  to  the  time  of  tho  dJsoovetiv 
whit'li  wp  have  just  referred,  fiiubairasses  as 
in  speaking  of  thfir  authors,  il  makes  it  stUI  mOTe| 
difficult  to  narrate  the  recfption  with  which  Uiesrrj 
diBcoverieB  met.  Yot  here  wo  may  notice  a  fcir| 
fact&  K'hich  ma^  not  be  without  their  iuterefit. 

Tho  impnissioii  which  W^mor  made  upon  hU 
hearers  was  vi-ry  streng;  and,  as  we  have  alrewlv 
ftaid,  disciples  were  gathered  to  his  school  from 
everj  country,  and  theu  went  forth  into  all  part* 
of  the  world,  aiiintated  hy  the  views  wlitch  they 
had  caught  from  him.  We  may  say  of  hii».  as  hnn 
been  so  wisely  said  of  a  philosopher  of  a  very  dif- 
ferent kind^  "He  owed  his  iuflucDce  to  various 
causes;  at  the  hefid  of  which  may  be  placed  thai 
genius  for  system,  which,  though  it  cramp*  tht' 
growth  of  knowledge,  perhaps  tinnlly  atones  for  tfaAl 
mischief  by  the  <real  and  activity  which  it  rcm^c* 
among  followers  and  opponents,  who  discover  truth 

*  KUckidtihh  itH  iiuifh^i,  Dibaurt.  p,  177- 
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bv  aocident,  when  \u  pursuit  of  weapons  for  their 
warfare."  The  list  of  Werner's  pupils  for  a  coii- 
aiilvrablo  period  indudcd  most  of  the  princifial 
geologists  of  Europe;  as  Froislebcu,  Mohs,  EHniark, 
d'Aniiraila.  llaumiT,  Engclhart,  Charpentier,  Bnx*- 
ohL  Alexander  von  Unrnboldt  and  Leopold  von 
Buch  went  forth  from  his  school  to  observe  America 
and  Siberia,  tliti  islen  of  thr  Atlantitv  and  tin?  eoast 
of  Norway.  Hrofi'ssor  Jameson  established  at  Kdin- 
burgh  a  Wenierian  Society;  and  his  lecture-room 
became  a  second  center  of'  Wemerian  doetrlues, 
tt'heuce  proceeded  many  zealous  geological  ol>* 
servers;  among  thcnc  wc  niaj  mention  as  ozie  of 
the  most  distinguished,  M.  Ami  iioue,  though,  like 
several  others,  he  soon  cast  away  the  peculiar 
opinions  of  the  Wernerian  s<:hooL  The  classifica- 
tions of  this  ?iehool  were,  however,  dittused  over  the 
civilized  world  with  extraordinary  success;  and 
were  looked  upon  with  great  respect  till  the  study 
of  organic  fossils  threw  them  into  the  shade. 

^^mith,  on  the  other  hand,  long  pursued  his 
own  thoughts  without  aid  and  without  sympathy. 
About  ITE'S.  he  became  acquainted  with  a  few 
gentltmen  {Dr.  Anderson,  Mr.  Itk- hard  son.  Mr. 
Townsend-  and  Mr.  Davics,)  who  had  already  given 
some  attention  to  or^Tti}ic  fossils*  and  who  wer<^ 
astonished  to  tiiid  his  knowledge  ko  much  more 
exact  and  extensive  than  their  own.  From  this 
time  he  conceived  the  intention  of  publishiuE  his 
discoveries^  hut  the  want  of  literary   leisuio  and 
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habits  lang  prevented  him.  His  knowledge  wis 
uraUj"  communicated  tvltltoul  reserve  to  manv  per- 
sons; Rjid  thus  gradually  and  iii^enniblv  bocamc 
part  of  the  pubtie  Ktoek.  When  tKJs  dtffii^OD  uf 
his  Tiews  had  gone  on  for  some  lime,  liis  frienda 
began  to  oam|)la»»  that  the  author  of  them  was 
dqirived  of  his  well-meriti'd  share  of  fame.  Hij* 
delay  iii  publication  ma<le  it  difficult  to  remody  this 
wrong;  for  soon  after  he  puhlii-hed  his  Ge<dt^K'U 
Map  of  England,  another  appeared,  founded  npori 
separate  observations ;  and  though,  ptrliaps,  not 
quik-  independent  of  his,  yet  m  many  respwl* 
murli  nn>rp  detailed  and  rorrocf.  Tlius.  llimigh  his 
general  ideas  obtained  universal  currency,  he  did 
not  assume  his  due  prominence  as  a  geologist.  In 
1818t  a  generous  attempt  was  made  to  direct  a 
proper  degree  of  [lublie  gratitude  to  him,  in  an 
article  in  the  Edinburgh  Review,  the  production  of 
Dr.  Fitlon,  a  dislin^iished  Eughsh  geologist.  And 
when  the  fmiueut  philosopher,  WyJloston.  had  be- 
queathed tit  the  Gecdogical  Society  of  Lrm^lon  a 
fund  from  which  a  gold  medal  was  to  be  awanW 
to  geologieal  services,  the  first  of  such  medaU  wiat 
in  1831,  "given  to  Air.  William  Smitli,  in  coiiai- 
deration  of  his  being  a  great  original  disci)verer  in 
English  geology ;  and  espeeiAlly  lirr  his  having  1k«u 
the  tirst  in  this  eountry  to  discover  and  to  tench 
the  IdentilicatioEi  of  strata,  atid  to  dotcmdne  thi'lr 
aucc6es!on  by  means  of  their  imbedded  fossiU/' 
Cuvier'fi  djiicoveries,  on  the  other  hand*   both 
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from  the  hi;^h  |r[iilosophic  f^me  of  their  author,  and 
from  ihtlr  iiitrinsur  itiiportriTicf,  arrrf>l*?J  at  unire 
the  attention  of  scicntitic  Europe ;  and.  notwith- 
standing the  undoubted  priority  iif  Smitli's  labours, 
for  a  long  time  were  looked  upon  as  the  starting- 
point  of  our  knowledge  of  organic  fossils,  AaU. 
in  reality,  although  Cuvier's  memoirs  derived  the 
greatest  port  of  their  value  from  his  zoologleal  con- 
clusions, they  reflected  back  no  small  portion  of 
interest  on  the  elri^ificatioDs  of  strata,  which  m'GTC 
involved  in  his  inferences.  And  the  views  which 
he  presented  gave  to  geology  an  attractive  and 
strikiug  character,  and  a  connexion  with  large  phv- 
siologicai  as  well  as  phvsical  }frinciplos.  which  added 
incomparablj  to  its  [lignity  and  t^h^rni. 

In  tracing  the  reception  and  dittiision  of  dcxs 
triDes  such  as  those  of  Smith  and  Cuvier,  we  ought 
not  to  omit  to  notice  more  especially  the  formatioD 
and  bistorj'  of  the  Geological  Society  of  London, 
just  mentioned.  It  was  established  in  IH(I7,  with 
a  view  to  multiply  and  record  observations,  and  j^a- 
tiently  to  await  the  result  at  some  future  period; 
that  is,  its  founders  resolved  to  apply  themselves  to 
Descriptive  Geology,  thifikiug  the  time  not  come 
for  that  theoretical  geology  which  had  then  long 
fin'd  the  controversial  ardour  of  Neptnnists  and 
Plutonists.  The  first  volume  of  the  Transactions 
of  thi^  society  was  published  in  181 K  The  greater 
part  of  the  contents  of  this  volume    savonr  of  the 
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notions  of  tho  WerueriaD  sclwoh  ami  tliori-  arc 
]>aperG  mi  r^>me  of  the  dititricts  io  Eiif>;[and  nio»t 
rich  ill  l(isail!>.  which,  Mr.  ConjLuare  sajs.  well  vx- 
hil>]t  the  low  state  of  seconiJary  geology  at  thai 
period,  But  a  paper  by  Mr.  I'arkinson  rttfors  to 
tht^  discoveries  both  of  Smith  and  of  Ciivier;  and 
in  the  Lpxt  volunie,  Mr.  Wehster  gives  ^in  awtiunl 
of  the  Isle  of  Wight,  following  the  admirahk'  nuM 
of  Cuvier  and  llrimgniart's  acoouut  of  the  I'arih 
bawn.  "If  we  compare  thia  memoir  of  Mr  Web- 
ster with  the  |irecedin^  one  ot  Dr.  Bergen  (also  on 
the  Isle  of  Wight,)  they  at  onec  ehow  them&elvi* 
ti*J  heloTitr  to  two  vtry  distinct  eras  of  wrifTirr  :  und 
it  U  difficult  to  believe  that  tht-  ititi'i-val  whicfi 
elapsed  between  their  respective  puhlication  wa» 
only  three  or  lour  years*-" 

Among  the  evuntii^  belonging  to  tho  diffusion  of 
sound  geolo;,^eal  vii-ws  in  this  country,  wc  may  ii<h 
tice  the  publioition  of  a  little  volume  entitle*!,  7*/tt 
O'etJittjif  if  Evi^limd  and  Wtik^,  hy  Mr.  Conybcarc 
and  Mr.  Pliillips,  in  1821  \  an  event  tar  more  impor- 
tant than,  from  the  modest  form  and  L-liaractcr  of  tht 
work,  it  might  at  lirst  sight  uppear  By  de^nbin^ 
in  detail  the  geological  t^tructure  and  ciremustaneeii 
of  one  [lart  of  England,  (at  Ira^t  as  fur  (hnvnwards 
a»  tliL-  eoal,)  it  oiiahhd  a  \K^ty  widt^  class  of  readers 
to  understand  and  veri^  the  elassiticatinDH  whi^ 
Ideology  had  then  very  recently  establisbed;  while 
the  extensive  knowledge  and  pliilosophiejil  vpiritof 
'  ConylHvii\  Urpofi.  |i.  37-L 
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Mr,  CoDjrbeare  rendered  it,  under  the  guise  of  a 
topographies)  eTmrneratiDJi,  in  rea,1ity  a  |»rofijund 
iind  instruetivp  scientific  treatise.  The  va.st  impulse 
which  it  gave  to  the  study  of  sound  descriptive 
gcolu^  was  leh  arid  acknowledged  in  other  coun^ 
tries,  as  well  as  in  Britain, 

Since  that  perioi  descriptive  p;eolo^  in  England 
has  couBtantly  advanced.  The  advance  haa  been  due 
mainly  to  the  iabours  of  the  members  of  the  Geo- 
logical Society;  on  whose  merits  as  cultivators  of 
their  science,  none  but  tiiose  who  are  themselves 
masters  of  the  subject,  have  a  right  to  dwell  Vet 
some  parts  of  the  scientiiic  character  of  these  men 
may  be  apj»reciated  by  the  general  sj:»eculal<>r ;  for 
they  have  shown  that  there  are  iio  talents  and  no 
endowments  which  may  not  find  their  fitting  em- 
ployment  in  this  science.  Besides  that  they  have 
united  laborious  research  and  comprehensive  views, 
acuteuess  and  learnin;^,  zeal  and  knowledge;  the 
philosophical  eloi]UL'nce  with  which  they  have  con- 
ducted their  discussions  has  had  a  most  beneficial 
influence  on  the  tone  of  their  speculations;  and 
their  researches  in  the  fiidd,  which  have  carriwl 
them  into  every  country  and  every  class  of  society, 
have  given  them  that  prompt  and  []l>crril  spirit,  and 
that  open  and  cordial  bearing,  which  results  from 
intercourse  with  the  norld  on  a  targe  and  unfet- 
tered scale.  It  is  not  too  much  to  say.  thai  in  our 
time,  practical  geology  has  heen  on<'  of  the  best 
schools  of  philosophical  and  general  culture  of  mind. 
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( iiHjitujiail  Surrryx  ami  Mapif- 

Such  surveys  as  that  which  Conybeare  and  Phil- 
lips's book  presented  with  respect  to  Enj^lami,  weft 
not  only  a  means  of  dtssi'minjitin^:  the  kmmleilgc 
iiii}iliecl  in  the  rlas^ifications  of  such  a  wi.rk.  Uit 
they  wtTf  also  an  essentia!  part  <»f  tbL-  applir-itlnn 
and  extension  of  the  principles  established  by  tht 
fouaders  of  systematic  geolog;v.  As  soon  as  ihe 
truth  of  such  a  system  was  ^nerally  aekuowl«lpii 
the  jiersuasion  of  the  propriety  of  geological  sur- 
veys aod  maps  of  each  eoiintrv  eould  Dot  but 
iiiiprif^  itsi_lf  on  meu"?  minds. 

AVh<?u  the  earlitT  v  riuTs.  as  Lister  and  Fonlo- 
liellc,  9prike  of  mineral o^cal  and  fossilo logical  maps* 
they  could  hardly  be  said  to  knew  the  meaoii^  of 
the  terms  nhich  they  thus  iised.  But  when  subw^ 
(|ucnt  classifieationA  had  shown  hnvr  such  a  sug- 
i:Pstion  might  be  carried  roio  eftepl*  and  U^  wliai 
important  conserjuenees  h  mi^t  lead,  the  task  mu 
undeilakeu  in  various  countrios  iu  a  rigorous  and 
constst^nt  manner.  In  GugUod,  besides  SmilhV 
map^  another.  dranEi  up  by  Mr.  GreeiuMi^  wu 
pubUshi.Hl  by  the  Gt'ologieal  Society  in  1611);  and 
U>ing  founded  oo  very  numerous  observations  of 
the  autbor  and  his  friends,  inade  with  gnat  labour 
auil  f^^x.  t>as  W4  only  an  iujporlaoi  cofrevtuia  and 
ruufirtnaiii^n  af  Smith's  laUnirs  but  &  valuable 
hior^h*Mt^  and  vtandard  of  what  bad   tbMi  Ui-n 
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done  in  Eiiglisb  gt^cU^^.  Leopold  von  Buch  hud 
constructeri  a  geological  map  of  n  krge  portion  of 
Germany,  about  the  same  period;  but,  aware  of  the 
difficulty  of  the  task  he  had  thus  attempted,  he  still 
forbore  to  jmblish  it  At  a  latc^r  period,  anil  as 
materials  ai-euiiiulntcil,  wore  detailed  maps  of 
parts  of  German}-  were  prtMiaced  by  Hotfniann  and 
others.  The  Freneli  ^vernment  entrusted  to  a 
dislin^ished  Proft'ssor  of  the  Srbool  of  MItios*  (M- 
Brochant  de  VilliiTs,)  the  task  of  coiisStrnctfug  a 
map  of  France  on  the  model  of  Mr.  Greenough's; 
associating  with  him  tn-o  younger  persoJie,  selected 
for  their  energy  and  talents,  MM,  de  Beamnont  and 
Pufri^noy.  Wo  shall  Imvc  ocfNisi^.m  hon^aiter  to 
speak  of  the  ciiecutioTi  of  this  survey.  By  various 
persons,  geological  maps  of  almost  every  country 
fUid  proviuce  of  Europe,  and  of  many  [^arts  of  Asia 
and  America  have  boon  [tiiblisEked.  I  need  not 
enumerate  tiicse,  bnt  I  may  refer  to  the  account 
given  of  them  by  Mr.  Conybeare,  in  the  Ilejtorts  of 
the  Brithfi  Association  for  \^<:i%  p.  ,184.  These 
various  essays  may  he  considereil  as  contributions, 
though  bilhertci  undfiubtedly  very  imperfect  ones, 
to  that  at  which  Descriptive  Geology  ought  lo  aim, 
and  which  is  requisite  as  a  foundation  for  sound 
theory; — a  complete  geological  survey  of  the  whole 
earth.  But  we  must  say  a  few  words  respecting 
the  language  in  which  such  a  survey  must  be 
written. 

Ah  we  have  alreatly  said,  that  condition  which 
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made  such  maps  aTid  thr^  accurnpimviaK  descriptions 

possible,  was  thai  the  Ktrata  and  tliHr  corit^Tils  hr*d 
previotHly  undLTgorie  cljiSHiHciiUon  and  arrrkjig^'uiont 
at  the  hands  of  the  fathers  of  geolojEry,  Classltica- 
tion.  iu  this  as  in  other  cases,  implied  names  which 
should  give  to  the  classes  distinctness  and  perma- 
nence; and  when  the  series  of  strata  hclon^ng  to 
one  country  were  rcfc^rrcd  tn  in  the  dostription  of 
another,  in  which  they  apptarod,  as  was  usually 
the  case,  under  an  aspect  at  least  svjnu-wiiat  dif- 
ferent the  supposed  identification  rciiuircd  a  peculiar 
study  of  ejieh  ease;  ajid  thus  g;eolo^'  had  Jirrived 
at  the  point,  which  we  have  before  had  to  Dutice 
as  one  of  the  stagvs  of  the  progress  of  Classifies 
tory  Botany,  at  which  a  teclinical  f/t/mr^iriiiturf 
and  a  woll  understood  ifjfiwri//nit/  were  essential 
parts  of  the  science. 


B^Y  nomenclatare  we  mean  a  t^t/stem  of  uames ;  and 
hence  we  cannot  speak  of  a  epc-ologietil  noineuHa' 
lure  till  we  come  to  Werner  and  Smith.  The  earlier 
mineralogists  had  employed  names,  often  artiScial 
and  arhitrary,  fgr  special  minerals,  hut  nij  technical 
and  constant  nanicft  for  straUi.  The  eleiiu'uts  of 
Werners  names  for  the  members  «if  liis  geological 
series  were  words  in  use  among  miners,  as  O'w^wa 
Grttfi/nii:kd.  Tffiirnfrh it^t'r.  IlofJw  toftr^  lirfffn4c 
j^t*rfnUmn  :  or  arhitrftry  oames  of  the  mJnrralogiatfv 


SEQUEL  TU  SYSTEMATIC  GEOLOtiV,         fi7fi 


as  Sypiiite,  St^rpt'ntiiu'.  P^r^ihyry,  Granite.  But 
tlie  more  technical  j^art  of  his  phraseology'  was 
taken  from  that  which  is  the  wurst  kind  of  name, 
arbitrary  DuiDeration.  Thus  he  had  hhjirsf  sand* 
Rtone  formation,  seroj/d  sandstone,  th'iyl  sandstone ; 
Jfraf  flcitz  limestone,  itecfml  flotK  liineatone,  t^ird 
fltitz  limestone-  Snth  names  are,  beyond  all  others, 
liable  to  mistake  tn  their  application,  and  likely  to 
be  expelled  hy  the  progriws  of  knowledge;  and 
accordingly,  (hough  the  Werneririn  names  for  rocks 
minera logically  distinguished,  have  still  some  cur- 
rency, his  sandstones  and  limestones,  after  creating 
endless  confusion  while  his  authority  had  any  sway, 
have  utterly  disappeared  from  good  geological 
works. 

The  nomenclature  of  Smith  was  founded  upon 
English  provincial  terms  of  very  barbarous  a^pert, 
as  Comhrtish,  Lius^  Gmdl^  Clunch  daf/,  Corttl  Rag. 
Yet  these  terms  were  widely  tijttused  when  his  clas- 
sification was  generally  accepted;  they  kept  their 
place,  precisely  because  they  had  no  systematic  sig- 
nification; and  many  of  them  are  ot  present  part 
of  the  geological  languH^'  nf  the  whole  civilized 
world. 

Another  kind  of  names  which  haa  been  very 
prevalent  among  geologists  are  those  borrowed 
from  places.  Thus  the  Wernerianfi  spoke  of  Alpine 
Limestone  and  Jura  Limestone,  the  English,  of  Kim- 
meridge  Clay  and  Oxford  Clay,  Purbeck  Marble, 
and  Portland  Rock.     Thene  names,  referring  to  the 
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srtra-tiim  "fa  knnwTi  locality  ae  h  tj'|»'»  wor*'  g»>o<l  ai' 
iar  lis  JL11  itknititv  Willi  that  ty[ic  hfl<!  hron  IriU'cd; 
but  when  ihis  haU  W-ii  incompletely  doiK',  tht't 
were  liable  to  great  ambiguity.  If  tlie  Alps  or  ihe 
Jura  i^fjnt^fi  wvrral  IVtnnatitins  of  linu^fitonp.  sucb 
terDjs  u^  we  have  noticed,  htirro^ed  Trrmi  tbo^ 
moii]]tam»4,  e^a^^  to  lit?  tieet-'nHarily  definite,  ami  may 
give  rise  lo  much  confusion. 

Descriptive  names,  althoug:h  iboy  might  be  sHp- 
jKisi.nl  Ut  he  llit>  best,  liavc,  in  foct,  rarely  been  for- 
turiati",  Th('  reason  of  ibis  ia  obvious; — tht  mark 
which  has  been  selected  for  ■icscription  maj  eaaty 
fail  to  be  essential;  and  the  obvious  connexions  of 
natural  facts  may  overleap  the  arbitrary  definilioD, 
As  fti'  hnvc  alrcjidy  statt'd  in  tho  history  of  butjiny, 
the  establishment  of  dcsfriptive  marks  of  real  classes 
presupposes  the  important  but  <lifficidt  step,  of  tb* 
discovery  of  such  marks.  Hence  those  de«enptive 
names  only  have  been  really  iis£<ful  in  ^ology 
which  have  brou  usrd  u^iihout  any  serujuilous  re- 
gard to  tht'  «ppropnaleui's,s  of  thf  description,  Th<» 
Grfi'ji  tSaml  may  be  white>  brf>wn,  or  red;  ihp 
Moarftai/i  Lm^lone  may  occur  only  in  rallop; 
the  Ofj/Uc  may  have  no  roe-like  structure:  and  yet 
these  may  be  excellent  ^ological  uamea,  if  they  be 
applied  to  fonnations  peobtppaliy  identical  with 
ihote  whii'h  the  phra-ses  originally  desi^ialeiL  TIip 
signifieiition  may  assist  the  iiiemury.  but  must  not 
be  allowed  to  subjugate  the  faculty  of  natur:il  cbi^ 
sification. 
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Tbe  terms  which  have  been  formed  hy  geolo- 
gists in  recent  times  have  been  drawn  from  sources 
similar  to  tlioKc  of  the  oldur  ones,  aiiU  will  have 
their  fortune  dett^rmiDcd  by  the  same  conditions. 
Thus  Mr,  Lvell  has  given  to  the  divisions  of  the 
tertiary  strata  the  appellations  Phiocent.  Mewcene, 
Eocene,  accordingly  as  they  contain  a  majority  of 
recent  species  of  jnhells,  a  mimnHty  of  Rueh  species, 
or  a  small  proportion  of  living  species,  which  may 
be  looked  upon  as  indicating  tbe  damn  of  the 
existiug  state  of  the  animate  creation.  But  In  this 
case,  he  wisely  treats  his  distinctions,  not  a^  dcfini' 
tions,  but  as  the  marks  of  natural  groups.  "The 
plurality  of  species  indicated  by  the  i^Bm^  pleioceiir^ 
must  not,"  he  says*,  "he  understood  to  imply  an 
absolute  majority  of  recent  fossil  shells  in  all  cases, 
but  a  comparative  preponderance  wherever  the 
pleiocene  are  contrasted  with  strata  of  the  period 
immetl lately  preceding," 

Mr.  Lyell  might  have  added,  that  no  precise 
per-centage  of  recent  species,  nor  any  numerical 
criterion  whatever,  can  be  allowed  to  overhear  the 
closer  natural  relations  of  strata,  proved  by  evidence 
of  a  superior  kind,  if  such  can  be  found.  And  this 
would  be  the  proper  answer  to  the  objection  made 
by  Mr.  De  la  Beche  to  these  names:  namely,  that  it 
may  happen  that  the  weiocene  rocks  of  one  country 
may  be  of  tbe  same  date  as  the  p/eroct^e  of  an- 
other: the  same  formation  having  in  one  place  a 

■  Gfof.  m.  ^2. 
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without  further  relerenee  t 
of  their  fossils,  must  also  s 
To  invent  good  names 
of  the  &er\e^s  of  »^rata  is  [i 
'i*he  term  Octite  Is  an  insti 
tive  word  has  become  pen 
kinil:  nntL  in  imitation  of  it 
vjirious,^  had  been  proposed 
name  for  the  ^oup  of  strat 
of  which  the  V'7?-!i'if(7fi'd  S 
steiiL  Gr^s  Tlijjjirr^,)  is  a  cw 
the  sdHl-s  of  formations  whit 
the  rocks  in  which  no  or^ 
the  tenii  Transition  was  V 
trcme  ambiguity  and  va^^ei 
or  rather  the  upper  part  of  i 
South  Waies,  where  it  cori^ 
members,  and  mav  be  probi 
a  large  portion  r*f  the  rest  ' 
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ntry  in  which  his  ty^s  were  found;  and  this  is 
a  term  exei-lli-zit  in  m^ny  respeets;  Imt  one  which 
will  prohahlynot  i|iiite  supersede  "Transition,"  be- 
cause, in  other  places,  transition  rocks  occur  which 
correspond  to  none  of  the  members  of  the  Silurian 
region. 

Though  new  names  are  inevitable  accompani- 
nu'iits  of  new  views  of  classiticalion.  and  though* 
theretbre,  the  fjeological  discoverer  must  he  allowed 
a  ri^ht  to  coin  theni.  this  is  a  privilege  which,  for 
the  sake  of  his  own  eredlt,  and  the  ctrcnlation  of 
his  tokens,  he  must  exercise  with  great  temperance 
and  judj^ent  M.  Bron^niart  may  be  taken  as  an 
example  of  the  nej^lect  of  this  caution.  Acting 
upon  the  pnncipke,  in  itsE'lf  a  sound  one,  that  incon- 
Tcniences  arise  irom  geological  terms  which  have  a 
mineralopcal  signification,  be  has  giren  an  entirely 
new  list  of  iwimes  of  the  members  of  the  geological 
series.  Thus  the  primitive  unstmtifiod  rocks  are 
terrains  arrahfsirjts ;    the  transition  semi-t^ompact 

hc/mlffsitffjf  ^  the  sedimentary  strata  are  pxvmi- 

;  the  dilvuvial  deposits  are  dtfsmkns:  and  these 
divisions  are  subiiivided  by  desigimtionB  equally 
novel;  thus  of  the  '* terrains  yzemiens,"  members 
are — the  temuns  da^tiques,  (ritoni-evs,  profMq^t€9, 
pakifotherii'ns.  rpiijimnique-%  thijhtsshpies^.  Such  a 
nomenclature  appear^;  to  labour  under  great  mcon- 
Tenienccs,  since  the  terrn^:  arc  deaeriptive  in  their 
derivation  yet  are  not  generally  intelligible,  and 

Urrnijpiiatt  Tnhtfntt  dn  Tfrraini,  IfiflS. 
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rei^  Ui  theoretical  views  jF«t  bare  not  ih» 
mendatioD  of  svstomatic  connexion. 


Seef,  4. — Offihgirid  S^moni/my.  or  iM^^rminaiim 
</  Geoloffkal  E*itiixaknts. 

It  will  easily  be  Huppoaed  that  ii-ith  so  many  &X- 
fereDt  sources  of  nnnics  as  wt^  have  mentioDeti  ttu* 
Kami?  stratum  maj  be  ealled  hy  ditFerent  desi^^na- 
tioDs;  aitil  thus  a  sjmon^my  may  be  noccs^^^ary  hr 
geclt^y;  as  it  wns  for  botany  in  the  lime  of  Bauhm, 
when  the  sanie  plants  had  be^n  spoken  of  by  co 
many  ditlbrent  appellationB  in  difTprpnt  authoTE. 
But  JTi  reality,  the  synonymy  of  ^olo^-  is  a  ^11 
inort^  importtrnt  part  of  the  subject  than  the  analogj 
of  botany  would  lead  us  to  suppose-  For  in  planlN 
the  }ipeeie£  are  really  lixed,  aud  t^asily  known  w!ien 
MKfn;  and  the  ambigmty  is  only  in  the  imperfcrt 
communication  or  confused  ideas  of  the  observers. 
Hut  in  ^oloj^y.  the  identity  of  a  stratum  or  forma- 
tion iu  diffvront  places,  thou^^h  not  an  arhitrji/t. 
nmy  br  a  \^Ty  doubtful  matter,  even  to  liiiii  who 
ha»  y^oviy  and  examined.  To  as^i^  its  ri^ht  cbft- 
ractcr  and  plaee  to  a  stratum  in  a  new  coimtn',  is^ 
in  a  ^reat  de^^ree,  to  eetabliah  the  whole  ^reuIogicaJ 
hifAiiry  nf  the  country.  To  af^^unii?  tliat  the  same 
uanics  may  rightly  be  applied  to  tUe  stratii  of  di^ 
fereni  countries,  is  to  take  for  granted,  not  indeed 
the  W(.TOt-riH[»  dogma  of  universal  formatii^n*,  but  i 
conj«idt  rnble  dc^rei?  of  ^^ncralily  and  muforuiity  is 
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the  known  formations.  And  how  far  this  gene- 
rality and  uniformity  prevail,  observatioo  alone  can 
teauh.  The  si'arcrli  for  geological  synonyms  in  dif- 
ferent countries  brings  before  us  two  questions; — 
are  there  such  synonyms?  and  only  in  the 
second  place,  and  ag  far  as  they  occur,  what  are 

ley? 
Tn  fact,   it  is  found  that  although  formations 

'hioh  must  be  considered  as  geologically  identical 
[booause  other«-ise  no  classification  is  po?«ible,)  do 

:tend  civcr  large  regions^  and  pass  from  country  to 

luntry,  their  identity  includes  certain  moditica- 
^ona;  and  the  determiaation  of  the  identity  and 
of  the  modifications  arc  inseparably  involved  with 
each  other,  and  almost  necessarily  entangled  with 
theon'tieal  considomtinnji.  And  in  two  countries, 
which  wo  tind  this  modifietl  coincidence,  instead 
of  saying  that  the  strata  are  identical,  and  that 
their  designations  are  synonyms,  we  may,  with 
more  propriety,  consider  them  as  two  correspond- 

Img  series;  of  which  the  members  of  the  one  may 
be  treated  as  the  Jiepresenta lives  or  Eqi^i^aleitis  of 
Ihe  members  of  the  other. 
\      HiiR  doctrine  of  Representatives  or  E(|uiva]ent3 
supposes  that  the  geological  phenomena  in  the  two 
^countries  have  been  the  results  of  similar  series  of 
Hevents,  which  have«  in  some  measure,  coiDf<id<^d  in 
wtirac  and  order;  and  thuK,  as  we  have  said,  refers  us 
to  a  theory.     But  yet,  considered  merely  as  a  step 
in  classificatioti.  the  comparison  of  the  geological 
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countries  according  to  tlu 
fcfGUceB  alone,  \s  retjuusju 
of  their  cau^efi.  But,  as 
from  Its  nature,  this  pai 
deals  with  tli^  most  difticu 
prohloms;  aud  r(?i|uires  'a 
obat^rvatioti  with  a  eompre 
phical  classilicatton. 

In  order  to  give  instaoc 
the  vast  hibcmr  and  great 
thus  em]ilnyed  in  England 
it  ifl  only  instances  that  W| 
lo  the  geological  survey  of 
Gutcd,  as  we  have  already  | 
government.  In  this  undej 
to  obtain  a  knowledge  of  t] 
ture  of  France;  but  no  sm^ 
ledge  was  brought  into  viei^ 
been  established  between  ■ 
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ViHierg^  Pe  Beaumont,  and  Dufrc^noj,  came  to  Eng- 
land in  \S22,  and  IblJowing  the  steps  ol"  the  best 
Ed^IisIi  ^eolo^sts,  in  a  few  months  made  them- 
selves acquainted  with  the  English  series.  They 
then  returned  to  France,  and,  starting  from  the 
chalk  of  Farts  in  various  directions,  travelled  on 
llic  lines  which  carried  ihem  over  the  edges  of  the 
strata  wliich  cintrgc  from  licticath  the  chalk,  iden- 
tifying, as  they  could,  the  atrata  with  tlioir  foreign 
BoaJo^es.  They  thus  recognized  almost  all  of  the 
principal  beds  of  the  oolitic  series  of  England'.  At 
the  same  time  they  found  dilferenc^^s  as  well  as 
rcftcmblanccs.  Thus  the  PortLiJid  and  Kimmrridge 
beds  of  France  were  found  to  contain  in  abundance 
a  certain  shell,  the  ijri/jf/tfFti  virguins  which  had  not 
l>efore  )>een  much  remarked  in  those  heds  in  Eng- 
land. With  regard  to  the  synonyms  in  Germany, 
on  the  other  hand,  a  difference  of  opinion  arose 
between  M.  Elie  de  Beaumont  and  M,  Voltz",  the 
former  conaidciring  the  GrH  di'  Vitsr/fi^  as  the  o(|ui- 
valent  of  thp  R-ntfiF.  todU:  liftji'mle^  which  occurs  be- 
neath the  iiechstein,  while  M,  Voltz  held  that  it  was 
the  lower  portion  of  the  Red  or  Variegated  Sandr- 
stone  which  rests  on  the  Zeehstein. 

In  the  -Bame  manner,  from  the  first  j>romu1ga^ 
tion  of  the  Wemcrian  system,  attempts  were  made 
to  identify  the  English  with  the  German  members 
of  the  geological  alphabet;  hut  it  was  long  before 
this  alphabet  was  rightly  road.    Thus  the  English 


584 


UI5T0RV  OF  GKOLOCV. 


f^lugists  whu  first  tried  to  apply  the  WemcriaD 
sM^riea  to  this  coiintrv,  coaceivtd  the  Old  and  Sc» 
red  Sandstcue  of  England  xo  be  the  same  witb  tht 
Old  and  New  red  Saodstone  of  Werner;  wUtrnaf 
Werner's  Old  re*l,  the  Rothe  todte  licgende.  is 
above  the  coal,  while  the  English  Old  red  is  hclov^ 
it.  This  mistake  led  tu  a  further  erroneous  hkiiu- 
ficatioTi  of  our  Mountain  Limestone  with  Werntrs 
First  Flotz  Liniestoue;  and  caused  an  almosl  inex- 
tricable confusion,  whicli,  even  at  a  reeent  peno<l, 
has  perplexed  the  views  of  German  j^cologists  re- 
specting this  country.  Again,  the  Lias  of  England 
WJL5,  fit  first,  supposed  to  Iw  the  eiiuiva](rnt  nf  the 
Muschelkalk  of  Germany.  But  thy  errour  of  this 
identifreation  was  hronght  into  view  by  examina- 
tions and  discussions  in  which  MM.  CEyenhauseD 
and  Dechec  took  the  lead;  and  at  a  later  p^^riud. 
Professor  Sedgwirk,  by  a  laborious  examination  of 
the  strata  of  England,  was  enabled  to  show  the 
true  relation  of  this  part  of  the  geology  of  the  two 
countries.  According  to  him.  the  New  red  Sand- 
stone of  England,  considered  as  one  great  complejc 
formation,  may  be  divided  into  seven  members, 
composed  of  wandstonca,  limestones,  and  marls;  five 
of  which  represent  ruspeclively  the  li*>fJns  imite  Off- 
ganit' :  thi5  Kujif'er  sckiffer;  the  Z'-chnteiti^  (wjtb 
the  ltaucJitn}ck^,  A^Jw.  aitd  StinketHn  of  thelTiiir- 
ingeuwald;)  the  BjinUr  sanfhwin;  and  the  Kt^ptr: 
while  the  MiisdwUcatk,  which  lies  l»etw(?en  the  two 
last  numbers  of  the  German  list,  ha&  ni>t  ret  Ik-vd 
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Hiacovered  in  onr  geulugical  series.  '*Sueh  a  coin- 
cidence," he  observes^  "in  the  subdivisions  of  two 
distant  mechanir^l  deposits,  even  upon  the  supposi- 
tion of  thpir  bdn^  wtnctly  contemporaneous,  h  truly 
astonishing.  It  h&s  not  been  assumed  hypotheti- 
cally,  but  is  the  fair  result  cf  the  facts  which  are 
recorded  in  this  paper." 

As  an  uxEtn}ple  in  which  the  study  of  geolog;ical 
equivalents  becomes  still  more  dil^cult,  we  may 
notice  the  attempts  to  refer  the  strata  of  the  Alps 
to  those  of  the  north-west  of  Europe,  The  dark- 
colovtred  marbles  and  schists  resembling  mica  slate"^ 
were,  during  the  prevalence  of  the  Wernerian  tlie- 
ory,  referred,  as  wa*^  natural,  to  the  trangltii>n  class. 
The  striking  physical  characters  of  this  mountain 
region,  and  its  long-standing  celebrity  as  a  subject 
of  mineralogical  examination^  made  a  complete  sub- 
Tersion  of  the  received  opinion  respecting  its  place 
ia  the  geological  series,  an  event  of  great  impor- 
tance in  the  historv  of  the  scienee.  Yet  this  was 
what  occurred  when  Dr  Buckland,  in  1820,  threw 
bis  piercing  glance  upon  this  district.  He  immedi- 
ately pointed  out  that  these  masses,  by  their  fossils, 
approach  to  the  oolitic  series  of  this  country.  From 
this  view  it  followed,  that  the  geological  equivalents 
of  that  series  were  to  be  found  among  rocks  in 
w^hich  the  niineralogical  characters  were  altogether 
ditfereut,  and  that  the  loose  Hmcstonos  of  England 

■  (ItoL  Trana.  JiecimU  6et»«,  iii.  131^ 
•■  Do  la  Hcchfl,  MttHHat.  313- 
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npresent  Bome  of  the  highlv-compact  und  itvsUI- 
line  marbles  of  Italy  ami  Greece,  This  view  vt^ 
confirmed  hy  suhseijupiit  iDvestigations ;  and  the 
corrcBpoudence  was  tract^d,  not  only  iu  tbo  pnti^ral 
body  of  the  foriwations,  hul  in  the  occnrTr nw  of  ihc 
rc<I  marl  at  its  hottoni,  and  the  j^eeD  sand  and 
chalk  at  its  top. 

The  taleutb  and  the  knowledge  which  mich  tasks 
re^iiiri?  art-  of  no  ordinarv  kind;  luir,  even  with  & 
consummate  acijuaintaince  with  the  weU-a5Ccrtaineil 
formatioDS.  can  the  place  of  problematical  strata  be 
decided  Hithout  immimsa  labour.  Thus  ihe  oxarai- 
nation  and  drliiieation  of  Imndreds  of  shells  by  the 
most  skilful  conch ologists.  has  been  thought  uece* 
sary  in  order  to  determii>o  whether  the  calcareoue 
bods  of  Ma»!Ktricht  and  of  Gosau  are  or  aiv  nijt 
intern»Oiiiatt',  as  to  tlieir  organic  contents,  between 
the  ehalk  and  the  tertiary  formations.  Aud  searoclj 
any  [loiiit  of  ^t-ologioal  cla.sf^itication  can  be  hetth^d 
without  n  similfir  union  nf  tht^  af^complishrd  natu- 
CiUist  with  the  laborious  guidogiea I  collecfor. 

It  follows  from  the  views  already  presented  of 
thiB  part  of  geology,  that  no  attempt  to  apply  Ut 
ilistaut  countries  the  names  hy  which  the  well 
known  European  strata  have  bcni  (ii'scribpfl,  ran  he 
of  atiy  valup,  if  not  accompanied  by  a  corresponding 
attempt  Vi  show  how  far  the  Kurop(?(UL  serii>8  h 
really  H|»plicafde.  This  mu^t  he*  bornr  iu  miml  m 
t'stimatiug  the  import  of  the  j^tdogicnl  nrconnts 
which  havi^  Wvn  ^ivpn   of  various*  part*  rtf  Asia, 
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Afrii'-.a,  and  Amrnc.a.  For  instance,  when  the  car- 
boniferous group  nm]  the  uew  red  sandstone  aru 
stated  to  be  found  in  India,  we  require  to  be  assured 
that  these  formations  are,  in  some  way,  the  equiva- 
lents of  their  synoEiyins  in  countries  better  explored- 
Till  tbls  is  done,  thu  results  of  observation  in  such 
places  would  be  better  convoyed  by  a  nomenclature 
implying  only  those  facts  of  resemblance,  difference, 
and  order,  which  have  been  ascertained  in  the 
country  so  described.  Wo  know  that  Acrioufc  errtjurs 
rere  incurred  by  the  attempts  made  to  identiiy  the 
tertiary  strata  ot"  other  countries  with  those  first 
studied  in  the  Paris  basin.  Fancied  points  of  re- 
semblance, Mr.  Lyell  observes,  were  magnified  into 
undue  importance,  and  essential  ditlcrences  in  mi- 
neral character  and  organic  contents  were  slurred 
OTer  (ba). 


1. — General  Oti 

BESIDES  thus  noticin 
TQcksofeach  uountrj 
identification  of  the  strata.  \ 
other  phenomena  of  the  e 
rials  presented  to  their  noti 
to  a  CHirtain  oxtont,  atteiuf 
to  obtain  on  this  subject  \ 
termed  the  laws  of  phenom 
materials  for  physical  the< 
lon^  upon  these,  we  may  b 
most   obvious.     Thus  it   hi 
mountain -ranges  often  conn 
cent  rock,  on  which  He,  on  ■ 
from  the  ridge.    Suuh  a  ridg 
a  Miitf^ralfHjical  Aarijt.     Th 
their  Esefrrpnieiit!f.   or   stel 
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■fiected  by  FaufU,  or  fissures  interrupting  thi*  strata, 
in  which  the  roek  oj^  oue  side  the  fissure  appears 
t<.»  havi?  bp<;n  at  first  (Xintipuous  with  that  on  the 
other,  and  shoved  aside  or  up  or  down  aflET  the 
Iraeturp,  Again,  besides  these  larger  fractures, 
rocks  have  Joints^ — separations,  or  tendencies  to 
se|>arate  in  some  directions  rather  tban  in  others; 
a[id  a  shtft  CfifdFoijff,  in  which  the  parallel  subdi- 
visions mav  be  carried  on,  so  as  to  produce  laminip 
of  indefinite  thinness.  As  an  example  of  those  laws 
of  phenomena  of  which  wc  have  spoken,  we  may 
instance  the  general  law  asserted  by  Prof.  Scd^^iek, 
(not,  however,  as  free  from  exception,)  that  in  one 
particular  class  of  rocks  the  slaty  cleavage  ntrtT* 
coincides  with  the  Direction  of  the  strata, 
^ft  The  phenomena  of  metallii'f^rous  veins  may  be 
^fceferred  to.  as  another  large  class  of  facts  which 
^heniand  the  notice  of  the  geolo^st.  It  wouhl  be 
difficult  to  point  out  briefl}'  any  general  laws  which 
prevail  in  such  cases;  but  in  order  to  show  the 
curious  antl  complex  nature  of  the  Facts,  it  mtiy  be 
sufficient  to  refer  to  the  description  of  the  metallic 

Ibeins  of  Cornwall  by  Mr.  Garnet  in  which  the 
Hithor  maintains  that  their  various  contents,  and 
the  manner  iii  which  they  cut  across,  and  t^t/t/'.  or 
shi/t^  each  other,  leads  naturally  to  the  assumption 
.cf  veins  of  no  less  than  six  or  eight  different  ages 
lin  one  kind  of  rock. 

Ag^n,  as  important  characters  belonging  to  the 

'    TraHsafiiottii  >}f  the  Geoi.  Sac.  ofContwait,  roL  iL 
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physical  hislcrj'  oF  the  f'artli,  and  thereTore  t 
logj\  we  ma^v  nutice  all  tHc  general  Uws  which  refe 
to  fta  ti.rn|ft>rature ; — both  the  laws  of  cliiimlt",  a» 
dctermini'd  hy  the  iitofJ*i-rwutl  Hnf£,  which  Hiuq- 
bolUt  has  drawn,  by  the  wd  of  very  ttumerous 
observations  made  in  all  parts  of  the  world;  and 
also  those  still  more  curious  facts,  of  the-  iucreafie  of 
tiiniiHTatiin:'  which  takes  place  as  vrp  dcscT^nd  Id  Uie 
solid  mass.  The  latter  circumstance,  after  \>eio^ 
for  a  while  rejected  as  a  fable,  or  ex|)lained  awiY 
as  an  accident,  is  now  geuerally  acknowled^r^  to 
be  the  true  state  of  things  ir  many  distant  |iarts 
of  tho  globe,  and  probably  in  ail- 
Again,  to  turn  to  cases  of  another  kind:  some 
writers  have  eodeavoureU  to  state  in  a  general  maa- 
iter  laws  according  to  which  the  members  of  thv 
geological  series  succeed  each  other;  and  to  reduce 
apparent  anomaliefi  to  order  of  a  wider  kind.  Amoti^ 
those  who  have  written  with  such  view*,  we  niav 
notice  Alexander  von  Hi^uiUddt,  always,  aud  in 
oil  seienci'S,  foremost  in  the  raire  of  gencralizalion. 
In  his  attempt  to  extend  the  Uoetrine  of  geoiogical 
equivalents  from  the  rocks  of  liluropc'  to  those  of 
the  Andes,  be  has  marked  by  appropriate  terms  the 
general  modes  of  geologicsd  succession,  "  I  have 
inaisted,"  he  says',  "principally  upon  the  pheiiomeiu 
of  ojtentfftion^  mcHhiiov,  and  hmi  ^npj^rtsifunk 
and  on  those  presented  by  the  fa*savfi'$  of  formsr 

'  Citxi-mrfti  duM  Uwhf*  Ham  U*  dm  it^mUpAh^^  IB9& 
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tions   Troin  one  to   another,   tiv    the  rffbct    of  an 
interior  dev€loj)eiiH:nt" 

The  phenomena  of  ahernatlon  to  which  M.  de 
Humboldt  here  refers  are.  in  fact,  yerj  curious:  as 
exhibiting  a  mode  in  which  the  transitions  from  one 
Fonimtion  to  another  may  become  ^7-adua!  and  in- 
sensible, instead  of  sudden  and  abrupt.  Thus  the 
coal  measures  iu  the  south  of  England  are  above 
the  mountain  limestone;  and  the  distinction  of  the 
fonnations  is  of  the  mast  marked  kind.  But  as  we 
advance  northward  into  the  coal-field  of  Yorkshire 
and  Durham,  tht'  sui>jacent  limestone  begins  to  be 
subdivided  by  lliick  masses  of  sandstone  and  carbo- 
naceous strata,  and  p^tsses  into  a  comjilex  doposit. 
I  not  distinguishable  from  the  overlj^ing  coal  mea- 
I  Bures;  and  in  this  manner  the  ttausitioD  from  the 
^■ItQiestone  to  the  coal  is  made  by  alteniatjon.  Ttius, 
^^  to  use  another  expression  of  M.  tie  Humboldt'K,  in 
ascending  from  the  limestone,  the  coal,  befort'  we 
(juit  the  subjacent  stratum,  j'^rduflea  to  its  fuller 
exhiliition  iu  the  superior  beds. 

Again,  as  to  another  point:  geologists  have  gone 
on  up  to  the  present  time  endeavouring  to  dis- 
cover general  laws  and  facts,  with  regard  to  the 
position  of  mountain  and  mineral  masses  u|Kin  the 
surface  of  the  eartii.  Thus  M.  Von  fJuch,  in  his  phy- 
sical description  of  the  Canaries,  hiis  given  a  mas- 
terly description  of  the  lines  of  volcanic  action  and 
volcanic  jirodiicts,  all  over  the  globe-  And,  more 
recently,  JM.  Elie  de  Beaumont  has  offered  some 
grTH^raliz-alions  of  a  still  wider  kind.     In  this  new 
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l«ru  of  tht  nfld, 

A£DOndily  to  Ikft 

■K  HMdcd  to  be 

ibtmo  nmffM  wbicb  m  c^ 
fifft'tit  iWrt-fijirwL.     Tlut 
|ffnitiffn  iii*v  be 

iU  triJiJ  mmong  t^  gvolqpAft  of 
Ainonir  Uwofiginfe 

Ih^L'II    iiiif  MiljoGt  of 

nf  A  virry  wirlc-  and  oom 

Hiif(j;4-ttt4-i],  unfi  in  A  gmtcr  or  lea 

hy  rMJin|UAtu  uwnibllgM  ofbcts. 

liroiiffiiiATt  hfttt  ttnt  otily.  in  his  FomH  i^^mm,  rept- 

mmti^rl  niii)  HkilfiilJ^y  rt-htorW  a  vast  MOBiibvof 

jilniitH  i»l'lhr  Jirif^ic^iit  world;  but  be  kat  aln^  i 

l^rijtlrowm  iif  tho  work,  presented  vajicMn  i 

anL  \\,w\  Ktrikin^  viows  of  th*-  general  chancttf  «f 

i\w  ¥oj;<'Lrdi*>ti  tif  fi»ruu^r  |>i>nodfi»  a^  insuL&r  or  f«fr 

lincnUI,  tmnirnl  i»r  trmporuto.     And  M.  Abbs*. 

bj    llu*  oxiLitiiiiatitJii  oS  an  inrredihle    nuinb«r  rf 

HproinK'tiM  urul  ci^llcctions  uf  foi^sil  tish,  has  be«n  M 

ti)  rcBtiltK  wljuh.  oxjirt's^trd  in  terni^  of  his  ovo  ic^ 

thviilofCKNil  cliLKHiricAlLuK,  fuHn  rcuiarkahlc  ^^wnl 

Inwft.     Tliu^  4iccurt)iii^  to  hiiii\  nhen  we  ^  ImJu* 

tilt*  liiuL,  wp  lose  ull  tm<^t'jt  of  two  of  the  foitr  ordfti 

*  W»rMy  ob«we  (W  tJii? nation M  purftjlrli^n,  Hl>«sA|ifW 

In  Uii!v  ilmnii  1111  rnaurff   pikjtiaiic  ii^  n   ^E  ^tmUr  4H(^ 
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lunler  which  he  conipreliends  all  known  kinds  of 
fish;  namolj',  the  Cjfchidmn  and  the  Ctmimdmn: 

tt'hile  the  other  two  orders,  the  Gainnderw  and 
Platmdettn,  rare  in  our  days,  suddenly  Mppcar 
in  great  imnibrrs,  together  with  large  SQUi'oid  and 
carnivorous  Wishes.  Ourier,  in  constructing  his  great 
work  on  ichthyology,  transferred  to  M.  Aga-sj^z  the 
whole  subject  of  lossil  fishes,  thus  showing  how 
highly  he  esteeemed  bis  talents  as  a  naturalists 
And  M,  Agassiz  has  shown  hlniflelf  worthy  of  his 
great  predecessor  in  geological  natural  history,  not 
only  by  his  aculeness  and  activity,  hut  by  the  coin- 
prt^hnisivo  character  of  his  zoological  philosophy, 
and  by  the  courage  with  which  he  has  addressed 
himself  to  the  vast  labours  which  lie  before  him. 
In  hiK  RLffyrt  on  the  Fossii  Fhh  disnmm^d  i/i 
£n^/!ar/d,  published  in  1835,  he  briefly  sketches 
some  of  the  lai^e  questions  which  liis  researches 
have  suggested ;  and  then  adds ',  "  Such  is  the 
meagre  outline  of  a  history  ai  the  highest  inttrest. 
Juil  of  curious  episodes,  but  most  ditfieult  to  relate. 

'o  unfold  the  details  which  it  contains  will  be  the 
business  of  my  life"  (D  A), 

I  Sect  % — Transition  to  Geological  {hfjtaviica. 
HILE  we  have  been  giving  this  account  of  the 
objects  with  which  Descriptive  Geology  is  occupied, 
it  must  have  been  felt  how  difficult  it  ia,  jn  eontem' 

■  Hrit.A$tQc.  Report,  p,  72- 
VOL.  Ill,  Q  ^ 
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insTORv  or  gkology- 


tlncnp- 


plstli^  sudi  &ctfi«  to  confine  uurselv^^ 
twa  uuJ  dtaaficarion,  CoD}eclure3  aod  reasoQii^ 
re§|>ecting  tbe  cuims  of  the  pbeQomeoa  furc^  then- 
selvK  apou  us  at  exe^rj  step;  And  ev^n  influence  oar 
dfissification  and  tiouiC»datnic>  Our  DescriptiTr 
G«o1ogT  impels  Its  to  eodeftTour  to  construrt  a  Phv- 
sical  Geolo^.  This  doe^  raimexifm  of  the  two 
braikehes  of  the  sutjeci  b^  no  meftna  iBvalidMei 
the  necessity  of  di^ingtushjog  tb^n  :  ««  in  BciUn^, 
AJthuugfa  thi!  fonuatiun  of  a  Xitmni  Sj^^^in  Diwe»- 
Huilj  brings  us  to  phnologinj  rvistioos^  ve  sdU 
distinguish  Svsteoudf  from  Phraological  Bota&j. 

Supposing  bowerer.  oar  Dompdve  Geology  |o 
be  oompkted,  «t  &r  as  can  W  dioue  n-ithovl  c(ii 
derix^  doedjr  tbe  cwiseft  bf  vbidi  tbe  «mia  bii* 
been  pntdoced,.  n  bare  now  te  entfir  ttpoa  ^ 
other  pronoce  of  the  arieiK*.  vHkii  lf««u  of  tbom 
causes,  and  of  «hicli  we  hare  aktMtr  ipokru  « 
i^mnf  Gfoivsry.  But  bdbre  re  «bd  tmn  tUi 
depvtjneot  of  apeculujau  iu  a 
LhecondiliD^of 


andtatb^Mulo^oT, 


of  our  koovlcd^  a  omam 
pnpanlofT  mfee  must  be  faoBed.  ot  wlncb 


we 


ibaU  now 


the 


onp" 


and 
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CHAPTER  V. 
iNonuANic  Geological  Dynamics. 


Sfct.  \. — Necessity  mtd  Object  x^  a  Sdeit^r  (/ 
Gfioloffuml   Dr/itamirs. 

WilEN  the  structure  and  arrangement  which 
men  observed  in  thR  matorials  of  the  earth 
instigated  them  to  s|>ecul&te  eoncernlng  tlie  past 
cliaTiges  anil  revolutions  by  which  such  results  bad 
been  produced,  they  at  first  supposed  themselves 
sufliciently  able  to  juil^^^  what  wouhl  he  the  effects 
rf  any  oFthe  obvious  agents  iil'  diaugo,  as  water  or 
volcanic  fire.  It  did  not  at  once  occur  to  them  to 
sufipcct,  that  their  common  and  extemporaneous 
judgment  on  such  points  was  far  from  eufficient  for 
sound  knowledge;— they  did  not  foresee  that  they 
must  create  a  special  science,  whose  object  should 
be  to  ei^timate  the  general  laws  and  eJlects  of  as- 
suiin»d  cause's,  before  they  could  pronounce  whether 
such  causes  had  actually  produced  the  particular 
facts  which  their  survey  of  the  earth  had  disclosed 
to  them. 
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Yet  tin-  analogy  of  tlie  pro^tss  of  knowledge  on 
otiitir  s\ihjuct%  points  out  very  clearly.tlie  necefisitj 
of  such  a  science.  When  phenomenal  astronomy 
bad  arrivetJ  at  a  high  point  of  completeness,  by  the 
labours  of  ages,  and  especially  by  the  discovery  of 
Kepler's  laws,  astronomers  were  vclipoientlj  ile- 
ftirods  of  knowing  the  causes  of  these  motions  ;  and 
sanguine  men,  such  as  Kepler,  readily  conjectured 
that  the  njotiuuH  were  the  offects  of  certain  virtues 
and  influences,  by  which  the  heavenly  bodies  acted 
upon  each  other.  But  It  did  not  at  flrst  occur  tu 
him  and  his  fellow -speculators,  that  they  had  not 
ascertained  what  motions  the  influences  of  one  body 
upon  another  conbl  produce:  and  that,  therefore, 
tbey  were  not  prepared  to  ju<i^  whether  such 
eauses  as  tbey  spoke  of  did  really  regulate  the 
iikotioiis  tif  the  planeta.  Yet  such  was  found  to 
be  the  n<'ePs^ary  course  of  sound  inference.  Men 
needed  a  science  of  motion,  in  order  to  arrive  at  a 
science  of  tbe  heavenly  motions  ;  they  could  not  ad- 
vance in  the  study  of  the  meehanius  of  the  heavens, 
till  they  had  learned  the  mechanics  of  terrestrial 
bodies-  And  thus  they  were,  in  such  speculations, 
at  a  stand  for  nearly  a  century^  from  the  time  of 
Kepler  to  the  time  of  Newton,  while  the  science  of 
mechanics  was  formed  by  GaUieo  and  bis  succes- 
sors. Till  that  task  was  executed,  all  the  attempts 
to  assign  the  causes  of  cogmicdl  phenomena  were 
fanciful  guesses  and  v^igue  assertionj^;  afler  that 
was  done»  they  became  demonstrations.  The  science 
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of  IJf/7ii/niws  enabled  philosophers  to  pass  securely 
and   completeJj-  (rora   Fhenommal  Aatrwioniy  to 
_     Physical  AitffmiOJnr/. 
^t       In  like  manner,  in  ordor  that  we  may  B/lvancc 
f^from  Phenonnjnal  Geolog)'  to  Physical  Geolog;y,  we 
'      need  a  science  of  Oeo/ogiral  I}i/na m ics t-^that  is,  a 
science  which  shall  investigate  and  determine  the 
lawK  and   consequences   of  the    known   eausea  of 
changes  such  as  thoso  which  ^ology  considers  ; — 
and  which  shall  do  this,  not  In  an  occasional,  imper- 
fect, and  uuconnectf^d  manner^  but  by  systematic, 
complete,  and  conclusive  methods; — shall,  in  short, 
br  a  Science,  and  not  a  promiscuous  assemblage  of 
Ldesiiltory  essays. 

^P  The  necessity  of  such  a  study,  as  a  distinct 
branch  of  geology,  is  perhaps  hardly  yet  formally 
recognized,  although  the  researches  which  belong 
to  it  have,  of  late  years,  assumed  a  much  more 
methodical  and  scieolihc  character  than  they  before 
poKsesst'd.  Mr.  LjclVs  work  {Prindpli'^  i^f  Geofcij^) 
in  particular,  haa  eminently  contributed  to  place 
Geological  Dynamics  in  its  proper  prominent  posi- 
tion. Of  the  four  books  of  his  Treatise,  the  second 
and  third  are  upon  this  division  of  the  subject; 
the  second  book  treating  oi'  aqueous  and  igneous 
causes  of  change,  and  the  third,  of  changes  m  the 
organic  world. 
^P  Tliere  is  no  difficulty  in  separating  this  auxiliary 
f  ^vdogical  science  from  theoretical  geology  itself. 
In  which  we  apply  our  principles  to  the  explanation 
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of  the  actual  tiicts  uf  ihe  earths  surface.  The  ibr- 
TTior,  if  in-ril-eted,  would  be  a  ilemoTi strati ve  scietiev 
dealing  with  ^oncral  cases,  Uie  latter  is  aa  slio- 
logical  view  having  reference  to  special  fads:  the 
onu  attempts  to  determine  what  always  must  he 
under  giv«n  oonditlons:  the  wthor  is  ^tistied  uith 
knawiDj^  what  is  and  has  been,  and  why  it  ba» 
been:  the  tirb"t  study  ha^  a  strong  resemblance  to 
mechanics,  the  other  to  phiksophieal  archil ology. 

Since  this  ^K>rtion  of  scienco  is  still  so  Ddw,  it  b 
scarcely  possible  to  give  any  histi^ricid  aocouut  of 
its  prugri.'Hs,  *jr  any  roniplele  survey  of  its  shape 
and  comi>onent  parts,  J  tan  only  attempt  a  feif 
notices,  which  may  enable  us  iti  some  meaaiire  to 
judj^  to  nhat  pomt  this  division  of  our  subject  it 
tending. 

We  may  remark,  in  tliis  ns  in  former  cases,  that 
since  we  have  here  to  consider  the  formation  and 
progress  of  a  sc/ence,  we  must  treat  as  unimportant 
preludes  to  its  history,  the  detacht'd  and  rasual 
ubsen^tions  of  the  effects  of  caustts  of  change  which 
we  find  in  older  writers.  It  is  only  when  we  come 
to  systematic  collections  of  information,  such  u 
may  aflPord  the  means  of  drawing  g^n«.*ral  einiclU' 
sions;  or  to  rignmus  dediielionH  Iroiii  knuwn  laws 
of  nature; — that  we  can  recognize  ihe  sjeparafo 
existence  of  geological  dynamics,  as  a  path  of  sciea- 
tific  research. 

The  following  tnay  jjt'rbaps  suffice,  for  tho  prt- 
seut,  as  a  sketch  of  the  subjects  of  which  thia  kjcmv 
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treatti: — thf  a<]u*.'Oiis  cinises  of  chaugp,  or  those  in 
which  water  adJs  to.  takes  from,  or  transfers,  the 
materials  (if  the  land:— the  igneous  causes;  volcit- 
noeB.  ajid,  closely  connected  with  them,  earthquakes, 
and  the  forces  by  which  they  are  produced;- — the 
caleulatioii&  \vhich  det^miiue,  od  physical  principles, 
the  effects  of  assumed  mechanical  causes  acting 
upon  larpe  portions  of  the  crust  of  the  earth; — 
the  effect  of  the  forces,  whatever  they  be,  which 

(produce  the  crystalline  t<?\turc  of  rocks,  their  fissile 
Itructure,  and  the  separation  of  materials,  of  which 
we  see  the  re&ults  In  metalliferous  veins.  Aj^'ain, 
^^the  estimation  of  tlie  results  of  chuuges  of  tempe- 
Hrature  in  the  earth,  whether  operating  by  pressure, 
^■expazisiou,  or  in  any  other  way:- — the  cttects  of 
assumed  changes  in  the  superRcial  condition,  ex- 
tent and  elevation,  of  terrestrial  continents  upon 
^■the  cliniatrs  of  the  cartli ; — the  rifect  of  assumed 
^■cosmical    changes   upon  the  tem[>erature   of  this 

» planet;— and  researches  of  the  same  nature  as  these, 
,  These  researches  are  concerned  with  the  causes 
of  change  in  the  inorganic  worlds  hut  the  subject 
requires  no  less  that  we  should  investigate  the 
causes  which  nmy  modify  the  tonus  and  condition 
cf  organic  things;  and  in  the  large  sense  in  which 
we  have  to  use  the  phrase,  we  may  include  re- 
eearehes  on  such  subjects  also  as  parts  of  Geological 
Dynamics;  although,  in  truth,  this  department  of 
physiology  has  i>cen  cultivated,  as  it  well  deserves 
to  be,  independently  of  its  bearing  upon  geological 
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t>ieorita.  The  great  problem  which  offers  itself 
here,  in  reference  to  geologj.  is  to  csxauiine  the 
value  of  any  hypotheses  by  which  it  mar  bo  a^ 
lempted  lo  explain  the  succession  of  diftereot  ra«« 
of  fuiiinals  am]  pUnts  in  ^Liferent  strata;  and  though 
it  m*ty  be  difficult,  in  this  inquiry,  to  arrive  at  any 
positive  result,  we  may  at  least  be  able  to  show 
the  improbability  of  some  conjectures  which  have 
been  propounded, 

I  shall  Tiow  give  a  very  brief  account  of  some  of 
the  aftempls  maile  in  these  various  liepartmonfs  of 
this  province  of  our  knowledge;  anJ  in  the  present 
ehapter  of  iuorganic  changes. 


Stjct.  2. — Aqm-mis  Caiitim  t^  Change^ 

TfiE  controversies  to  which  tbt-  vanous  theories 
geologists  gave  rise,  proceeding  in  Tanoiis  waj? 
upon  the  eflects  ^jf  the  oxisting  causes  of  change, 
led  men  to  oi»sorve»  with  sonte  att*'ntiuii  and  per- 
severanw,  the  actual  operation  of  such  causes.  In 
this  way,  the  known  effect  of  the  Rhine,  ta  filling 
up  the  lake  of  Geneva  al  its  upper  extriMoily,  was 
referred  to  by  De  Luc,  Kirwan,  anil  othcrsv  in  iheir 
dispute  uith  the  Huttonians;  and  attempts  were 
even  made  to  calculate  bow  distant  the  period  wa*, 
when  this  alluvial  deposit  first  be^'an.  Other  moilcrn 
observers  have  attended  to  similar  facta  in  the  na- 
tural liistory  of  rivers  aiid  seaa.  But  the  suhjt^ 
may  be  CiHiaidfred  !is  having  Hrst  assumed  it*  pro|*cr 
fiinn.  when  taken  up  by  Mr.  Von   lloff;  of  whi«« 
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istory  (if  Ifw  Ntthwid  Ckamje^  (if'  tin'  E'H'tffa 
Sm/oce  ipiiich  are  ftr&ced  tif  Tradition,  the  first 
part,  treating  of  aqueous  <:hanges.  appeared  in  1 822. 
This  work  was  occasioned  b_y  a  Prize  Question  of 
the  Royal  Society  of  Gottingec,  promulgated  m 
1838:  in  wliich  tlipse  changes  were  proposed  as 
the  subject  of  inquiry,  w^ith  a  special  reference  to 
geology.  Although  Von  lIofF  does  not  attempt  to 
establish  any  generaJ  inductions  upon  the  facts 
which  his  book  contains,  the  collection  of  such  a 
body  of  factH  gave  ahnoat  a  new  aspect  to  the  sub- 
ject by  showing  that  changes  in  the  relative  extent 
of  land  and  water  were  going  on  at  every  time,  and 
almost  at  every  place;  and  that  niutabihty  and 
fluctviation  in  tho  form  of  the  solid  |mrts  of  the 
earth,  which  had  Iw^en  supposed  by  most  persons  to 
be  a  rare  exception  to  the  common  course  of  events, 
was,  in  fact,  the  universal  rule.  Lut  !t  wa»  Mr. 
Lyells  Principlrs  of  (jt'tjlfjif^  /I'imf  an  /rllerrrjft  to 

rpiain  i/it' fonnrt*  Changes  of  the  Earth's  Surftice 
hp  Ike  Causes  no7C  in  action,  (of  which  the  first 
olume  was  pul^lished  in  1830.)  which  dinelosed  the 
full  effect  of  such  researeheH  on  gefjiogy ;  and  which 
attempted  to  present  such  assemblages  of  special 
facts,  as  examples  of  general  laws.  Thus  this  work 
may,  as  we  have  said  be  looked  upon  as  the  begiii- 
ning  of  Geological  Dynamics,  at  least  among  us. 
Such  generalizations  and  applications  as  It  contains 
give  the  most  lively  interest  to  a  thonsand  ohserva- 
vations  respecting;  rivers  and  floods  mountains  and 
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morafi^ff.  whi<;li  otlierwiE^^  fippear  without  aiiD  or 
meaning;  and  thus  this  department  of  science  can- 
not tail  to  be  constantly  augmented  by  contribu- 
tions from  every  tide.  At  the  same  lime  it  \s  clear, 
that  these  contribution^  voluminous  as  they  must 
b(;t'ome,  Tuuit,  from  limi'  to  tirav,  he  resolv(?d  into 
laws  of  greater  and  greater  generality;  and  tbat 
thus  alone  the  progress  of  this,  as  of  all  other 
sciences,  can  lie  rnrthered. 

1  need  not  attL-nipt  any  detailed  enumeration  of 
the  modes  of  aqueous  action  which  are  here  to  be 
considered.  Some  are  destructive,  as  when  the 
rivers  erode  the  ehannela  in  which  they  flow;  or 
when  the  waves»  by  their  perpetual  assault,  shat- 
ter the  shores,  and  carry  the  nuns  of  them  into 
the  abyss  of  the  ocean.  Some  operations  of  the 
water,  on  tlK-  otht^r  hand,  jidd  to  the  land; 
as  when  thfUis  a.re  formed  at  the  months  of  rivers, 
or  when  calcareous  springs  form  deposits  of  fro- 
nTtin,  Even  when  bound  in  icy  iutters*  water  is 
by  DO  means  deprived  of  it^  active  power;  the 
giacittr  carries  into  the  valley  masses  of  its  native 
mountain,  and  of^en  floats  with  a  lading  of  such 
materials  far  into  the  seas  of  the  temperate  zodc, 
U  is  Indisputable  tbat  vat^t  beds  of  woni-down  Irag- 
ments  of  the  existing  land  are  now  forming  into 
strata  at  the  bottom  of  the  ocean;  and  that  many 
other  effects  are  constantly  produced  by  existing 
aqueinjs  r-a.use.'L  which  resemble  some,  at  least  of 
tiio  faets  which  p;eoloi^'  has  to  explain  (ea). 
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Although  thtf  study  of  the  common  oi>erations  of 
vater  may  give  the  gcolo^st  such  an  aequaintanec 
willi  the  laws  of  hU  subject  as  may  much  aid  his 
judgment  respecting  the  extent  to  which  such  effects 
may  proceed,  a  long  course  of  observation  and 
thought  must  be  rcquisito  before  i^uch  operations 
can  be  analyzed  into  their  fundamental  principles, 
and  become  the  subjects  of  calculation,  or  of  rigor- 
cua  rcusoniug  in  any  manner  wliich  is  as  precipe 
Und  certain  as  calculation.  Various  portions  of 
hydraidics  have  an  important  bearing  upon  these 
I  subjects,  including  some  researches  which  have  been 
pursued  with  no  »ma1l  labour  by  engineers  and 
^^ jnathemat jcians ;  jls  tin?  ettccts  of  cummts  amt 
^^WSveSf  the  laws  of  tides  and  of  rivers,  and  many 
similar  problems.  In  truth,  however,  such  subjects 
I  have  not  hitherto  been  treated  by  mathematicians 
^B  with  much  success;  and  probably  several  genera- 
^■tions  must  elapse  before  this  portion  of  geolf^ical 

t dynamics  can  become  as  exact  science. 


the  Eiirtfi^»  Siirfactj, 


The  effects  of  volcanoes  have  long  been  noted  as 
iniportant  and  striking  features  in  the  physical  his* 
tory  of  our  globe :  and  the  probability  of  their  con- 
nexion with  many  geological  phenomena,  had  not 
csca[>cd  notice  at  an  early  |)eriod.  But  it  \\as  not 
till  more  rL-uent  times,  that  the  full  import  of  the^ 
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phenomena  was  apprehended.  The  person  wh\>  first 
liK>ki.^<l  at  sut'h  (i|Hinilion«  with  that  camniamling 
geiu^ml  view  whit-h  siio^^eii  their  t!Xtcmsive  con- 
nexion with  physical  geology,  waa  Alcxaader  von 
Humboldt^  who  explored  the  volcaaic  phenomena  of 
the  New  World,  from  I7?J9  to  18U4.  He  remarkwl' 
the  linear  distribution  of  volcanic  iiomL*s»  consider- 
ing them  as  vents  placed  along  the  edge  of  vast 
ti&sures  communicating  with  reservoirs  of  igneous 
matter,  and  extending  across  whole  continents.  He 
observed,  also,  the  frequent  sympathy  of  volcanic 
and  terremotive  action  in  remote  districts  of  the 
earth's  surface,  thus  showing  how  deeply'  seated 
must  be  the  cause  of  these  convulsions.  Tliesc 
views  strongly  excited  and  influenced  the  specula- 
tions of  geologists;  and  since  then,  phenomena  of 
this  kind  have  been  collected  into  a  general  view  us 
parts  of  a  natural  liislorieal  science.  Von  Hoff  Ju 
the  second  volume  of  the  work  already  mentioned, 
was  one  of  the  first  who  did  this;  "At  least,*'  he 
himself  says',  (ISlM-,)  "it  was  not  known  to  bim 
that  any  one  beforti  hini  had  endeavoured  to  com- 
bine so  large  a  mass  of  facts  with  the  general  ideas 
of  the  natural  philosopher,  so  as  to  form  a  whole.*' 
Other  attempts  were,  however,  soon  made,  in 
1825.  M>  vou  Ungern- Stern  berg  published  his  book 
On  the  Nature  find  Urifftn  of  yoi'Cti.noeg\  in  which, 

'  Uurrib[>l<9c,  Rthfion  Hinlori^nr ;  juid  his  other  works- 

■   Vd-  ii,  I'lop.  5. 

'  Warden  uttd  A'cyw  dts  t't/ikrinUchcn  Gchirges,  Cirlsnihc,  JfiSa. 
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he  says,  his  object  is,  to  give  an  empirical  repre- 
seutatiotL  of  these  ^heucniona.  In  the  ^aiue  year, 
Mr.  Fuulett  Serupe  published  a  work  in  whith  he 
described  the  known  facta  of  volcanic  action;  not, 
however,  coctining  himself  to  description ;  his  pur- 
pose beiDg,  as  his  title  states,  to  coiisider  "  the  pro- 
bahk  cauKi^K  uf  their  phenomeDa,  the  law^  ^'hich 
detcrinino  their  march,  tho  dispositiiji]  of  their  pro- 
ducts, and  their  conncsion  with  the  present  state 
and  past  history  of  the  g^Iobe;  leading  to  the  esta- 
blishment of  a  new  theory  of  the  earth."  And  in 
1  S'liiy  Dr.  Diubeny,  of  Oxford,  produced  ^4  Dvf^vrijt- 
ti<m  0/  Actiee  aad  Extinct  Vok^moes,  including  in 
the  latter  phrase,  the  volcanic  rocks  of  centra! 
France,  of  the  Rliine,  of  northern  and  central  Italy, 
and  many  other  countries.  Indeed,  the  near  con- 
nexion between  the  toIcbjiic  effeeta  now  going  on, 
and  those  by  which  the  basaltie  rocks  of  Auvergne 
and  ni.iny  other  places  had  been  produced,  was,  by 
this  time,  no  longer  doubted  hy  any;  and  therefore 
the  line  which  here  separates  the  study  of  existing 
causes  from  that  of  past  effects  may  seem  to  melt 
away,  fiut  yet  it  is  manifest  that  the  assumption  of 
an  identity  of  scale  and  meclianiam  between  vol- 
canoes now  active,  and  the  igneous  catastroj>hes  of 
which  the  products  have  survived  great  revolntious 
on  the  earth's  surface,  is  hypothetical ;  and  all 
which  depends  on  this  assumption  belongs  to  theo- 
reticaJ  geology. 

Confining  ourselves,   then,   to  volcanic   effects 


am 
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whicli  havL'  Ih.'^ti  prwluctjU.  irertaiiiiy  or  [iroliaUly. 
since  thr  earth's  surface  assiimeii  ita  prf'Hfnt  fnrtn. 
we  have  still  an  aniplo  exhibitiop  of  |n>w<*riUl  causes 
of  cliange,  in  the  streams  of  lava  and  other  mafv 
rials  emitted  in  eruptions;  and  still  nutrt*  in  iht* 
eartlnpiakt'S  wfiicK  ■'w  men  PHftity  satisfied  tlir-m- 
sclves.  are  produced  bj  tlie  Hw.mc  caujjps  Aff  the 
eruptions  of  volcanic  fire. 

Mr.  Lyell'^  work  was  important  in  this  ai*  in 
other  portions  of  tliis  subject.  He  ext^ud^l  the 
cooeeptioiis  previously  entertiunt'd  nf  the  effects 
which  such  f*anses  may  produce,  not  only  by  show- 
ing how  great  these  operations  are  historically 
known  to  have  been,  and  how  constantly  th^y  are 
going  on,  if  we  take  itito  our  survey  the  whole  *iir* 
face  of  the  earth ;  but  still  more,  by  ui^n^  tbt  «m- 
se<|ucnces  which  would  follow  in  a  long  course  of 
time  from  the  ronstant  repetition  of  operations  in 
thL-LDselves  of  no  e.ttraordinary  amount-  A  la^A' 
stream  many  miles  long*  and  wideband  sc^veral  yard* 
deep,  a  subsidence  or  elevation  of  a  portion  of  the 
earth's  surface  of  a  few  f^et,  are  by  no  moans  extra- 
ordinary facts.  Let  these  optTations.  said  Mr.  LycIL 
be  repeated  thousands  cf  times ;  and  we  hate  rvsulu 
of  the  same  order  with  the  chaugt^  which  geotogj 
discloses. 

The  most  mitigated  earthquake*  have,  however, 
a  character  of  violence.  But  it  has  been  iJiou^ht 
by  many  philo^opherH  that  there  is  evidence  of  a 
eban^  of  level  of  the  lanii  in  casi's  when*  iiniw  a( 
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these  violent  npcrati'fns  arc  ^mng  on.  Tlie  most 
celebrateJ  of  th*?su  <fascs  is  Sweden;  the  xvhoU-  af 
the  land  from  Gottenlmrg  to  the  north  of  the  Gulf 
of  Bothnia  ha^  been  supposed  in  the  act  of  rising', 
filowly  and  ini^eusibly,  from  the  surrounding  waters. 
The  opinion  of  such  a  change  of  level  has  long  been 
the  belief  of  the*  inbibitanta ;  and  was  maintained 
by  Celsius  in  ihe  beginning  of  the  eighteenth  cen- 
tury. It  has  since- been  conceived  to  be  confirmed 
b^  various  observations  of  marks  cut  on  the  face  of 
the  rock;  beds  of  sbells,  such  as  now  live  in  the 
neighbouring  seas,  raised  to  a  considerable  height  i 
and  other  indications.  Some  of  these  proofs  appear 
doubtful ;  but  Mr.  Lyell,  atier  examining  the  facts 
upon  the  spot  in  1834.  sajfi.  "^In  regard  to  the  pro- 
position th^it  the  land,  iu  eertaiu  parts  of  Sweden, 
is  gradually  rising,  i  have  no  hesitation  in  assenting 
to  it,  after  my  visit  to  the  districts  above  alluded 
to*."  if  this  conclusion  be  generally  aecepted  by 
geologists,  wc  have  here  a  daily  example  of  the 
operation  of  some  powerftil  agent  which  belongs  to 
geological  dynamics ;  and  which  for  the  purposes  of 
the  geological  theorist,  does  the  work  of  the  earth- 
quake upon  a  very  large  scale,  without  assuming  it^ 
Lt^rrors  (fa). 

■  Speculations  concerning  the  causes  of  volcanoes 
and  carthfjuakeSf  and  of  the  risJug  and  sinking*  of 
land,  are  a  highly-important  portion  of  this  science, 
at  least  as  far  as  the  calculation  of  the  possible 


eoH 


HISTORY  OF  GEOLOGY. 


results  of  definite  causes  is  concerned.  But  the 
various  bjjmlht'siis  which  have  been  propounded  on 
this  suliject  can  hard)}'  be  considered  as  sufficientlv 
matured  for  wurh  cukulation.  A  mass  of  matter  in 
a  state  of  igDeous  fusion,  exteudinp;  to  the  center 
of  the  earth,  eveu  if  we  njake  such  an  b^ypothtsis 
re<|uires  some  additional  cause  to  produce  eruption. 
The  supposition  that  thia  fire  may  Xh^  prtwiuced  bv 
intense  chemical  acti^D  between  combiniDg  ele- 
ments, ret|uirea  further,  not  only  some  agency  to 
bring  together  such  elements,  but  aomo  reason  why 
they  shouhl  be  originally  aeparatr^.  And  if  any 
other  causes  have  been  suggested,  as  electricity  or 
magnetism,  this  has  been  done  so  vaguely  as  to 
elude  all  possibility  of  rigorouj^  deduction  from  the 
hypothesis.  The  doctrine  of  a  central  beat,  l»ow- 
ever,  ha.s  occupied  sti  considerable  a  place  in  theo- 
retical geology,  that  it  ouglU  undoubtedly  to  form 
an  article  in  gBological  dynamics, 


Sect,  A— The  Doctrine  ^  Cmtral  Ntvrt. 

The  early  geological  theorists  who,  like  Leibnitz 
id  Butfbn,  assumed  that  the  earth  was  orignalty  a 
mass  in  a  state  of  igneous  fusion,  naturally  went  on 
to  deduce  from  this  hypothesis,  that  the  crust  cod- 
solidated  and  cooled  before  the  interior,  and  that 
there  might  still  remain  a  central  heat,  capable  of 
producing  many  important  efFiHrts,  But  it  is  in 
more  recent  times  tliat  we  have  measures  of  such 
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effects,  and  calculation?!  wiiit-h  \vv  eati  compare  with 
measures.  It  was  found,  as  \\g  have  said,  that  m 
descending  bolnw  the  surface  of  thi!  uartfi,  tlir  Um- 
peratnre  of  if^  materials  increased.  Now  it  fol- 
lowed from  Fourier's  mathematical  investigations 
of  the  distribution  of  heat  in  the  earth,  that  if  there 
be  uo  |irimitive  heat»  {iihitlaur  d^irl^^rrti^)  the  tem- 
pf*nitnre,'when  we  descend  below  the  crnst,  will  be 
constant  in  each  vertical  line.  Hence  an  observed 
increase  of  temperature  in  desceuding.  appeared  to 
point  out  a  central  heat  resulting'  from  some  cause 
now  no  longer  in  action. 

The  doctrine  of  a  central  heat  has  usually  been 
comhined  with  the  supposition  of  a  central  igneous 
fluidity' ;  for  the  heat  in  the  neighbourhood  of  the 
center  must  be  verj  intense,  Eiccording  to  any  law 
of  its  increase  in  descending  which  is  consistent 
with  known  principles.  But  to  this  central  fluidity 
it  has  been  objected  that  such  a  fluid  must  hi-  !n 
t'On-itant  cireiilatlon  by  Jhe  cooling  of  its  exterior. 
Mr,  Uaniell  found  this  to  be  the  case  in  all  fiised 
m€tals.  It  has  also  been  objected  that  there  must 
be,  in  Rich  a.  central  fluid,  tides  produced  hy  the 
moon  and  sun :  but  this  infcrtmei*  would  rei^uire 
several  additional  suppositions  and  calculations  to 
give  it  a  precise  form- 
Again,  the  supposition  of  a  central  heat  of  the 
earth,  considered  as  the  effect  of  a  more  ancient 
stale  of  its  mass,  appeared  to  indicate  that  its  cool- 
ing must  still  be  ^^ing  on.    Hut  if  this  were  so,  the 

VOL.  m.  R  & 
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ooiiibtnes  ihe  ilucUiue  of  ceatnl  hetx 
phTstrat  lav^:  s^  i^4i  «fii  rvdu 
faoatc<  bat  ttei  t^j 

and  strata  owAHtf  facai  fiftvnilv;  ihtf  Ae 
nuiuiti^a  beat  fftnaClr,  or  tt  diftiwH  puto  of  lit 
surface,  accor^vif  af  tf  m  covered  vilk  fareMK.  with 
nioiinlaiti&  wilk  dcMrtt.  or  vkk  vaicr.  IVmp  pn*- 
cip1«i,  sfipLiet)  to  \b^  aaoia,  mc^  u  tfaocr  vidck 
con^^ituta  the  crvl  of  the  corlk.  n^  gm  cw  to 
changes  afi  great  a*  aoj  ^iA  g«iio^  AmIoml 
For  e:Kaiiip|p:  »ken  tkr  Wi  if  a  aea  k  »imd  In 

the  ^rau  bekj«r  ihm  heL  hetap  prolerted  br  a  bad 
omulurtor  of  beaL  v^  be  fccact4.  is4,  bciip  betted 
tiiav  be  expanded ;  or.  ae  Sr  J.  HerMfal  hM  ob- 
Aerred,  mav  prodaae  explanoH  b^  tbe  coarenrai  of 
their  moUture  into  ilHiB.  8«cb  ipecabtioa^  vbes 
founded  oo  reaJ  ^tta  aal  ioaad  relfalatioM^  aiaj 
hareaft^r  br- 1^  matmal  BM  ia  guolegy- 

The  doctrine  of  cciaraJ  beiC  aad  flaidkT  has 
b^en  rejected  bj  oear  <»aeM  pbiknoyhtri^  Mr. 
l>ycUV  rea»oi»  far  tbii  wjeetioa  btlo^  rather  tn 
Theori'tical  Oeolc^;  bat  I  wmj  bene  notice  M- 
Poi^on's  opinioa.  He  doe*  aot  aacttf  to  the  ooa- 
clusioD  of  FoBTwr  tbtf  aaer  tbe  ina|ari>aFf  ia- 
creasef  in  drareailing,  CbfV^  sai^  be  come  ptinhiTe 
r^ntnJ  h«at     Oa  ibe  eaauarr,  be  wirtmrr  tbai 


p        -OtrAf  Ti^li^y  «vifM.  HU.    awab*/-v«W<Alr 
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earth  might  contract,  as  most  bcxlies  do  when  t 
cool;  and  this  contTfictioii  might  load  to  tnochaiuca] 
rvsults.  im  th(^  shortening  of  the  ility.  Laplare  satis* 
fied  himself,  hy  relbrcuirc  to  aTicieut  astronomical 
records,  that  do  such  alteration  in  the  length  of  ihf 
dA^v  had  taken  place,  even  to  the  amount  of  ouv 
twohuudrcdth  of  a  second;  uiid  thus.  ther(>  ww 
here  no  confirmatioa  nf  the  hvpothesJK  of  a  }iriTni- 
tive  heat  of  the  earth. 

Though  we  find  no  evidence  of  the  secidar  con- 
traction of  the  earth  in  the  ohservations  with  which 
ftstroiiomy  ilrab,  there  are  some  geologiral  tarts 
which  at  first  appear  to  pobt  to  the  reatitv  of  a 
rcirigeration  within  geological  periods;  as  the  ex* 
istence  of  the  remains  of  plants  and  shelU  of  trt>pi- 
cnJ  climates,  In  the  titrala  of  countries  which  iltc 
DOW  near  to  or  within  the  frigid  zones.  These  facts. 
however,  have  given  rise  to  theories  of  the  chan^ 
of  climate,  which  we  must  consider  fiejiaj-atdj-. 

But  we  may  notice,  as  connected  with  the  dor- 
trine  of  central  heat,  the  manner  in  which  this 
hyjKithesis  has  been  applied  to  expl^n  volcanic  aud 
geolc^cal  pbeaometLa.  It  does  not  enter  into  uy 
plan,  to  consider  oKplaiiations  m  which  this  central 
heat  is  supposed  to  ^ve  rise  to  an  expansive  force*. 
without  any  distinct  reference  to  known  physical 
laws.  But  we  may  notice,  as  more  likely  to  become 
useful  materials  of  the  science  now  bufure  its,  such 
spi-culations  as  those  of  Mr.  Halil^tge  ;  in  nbich  hv 
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combines  the  doctrine  of  (n^titral  hi-nt  with  otht-r 
lysical  laws'';  aa,  that  solid  rocks  expand  hy  boing 
iCEted.  but  that  claj-  contracts;  that  different  rocks 
and  strata  conduct  heat  differently:  that  the  eartli 
Tadiiitcs  hoat  differently,  or  at  difFereut  parts  of  its 
Eurfacef  according  as  it  is  covered  with  furests,  with 
mountains,  with  deserts,  or  with  water.  These  prin- 
ciples, applied  to  large  masses,  such  as  those  which 
constitute  the  enifit  of  tbe  earth,  might  give  rise  to 
[changes  as  great  as  any  which  geology  discloses, 
'or  example :  when  tbe  bed  of  a  sea  is  covercii  by 
Ib  thick  deposit  of  new  matter  woni  from  the  shores, 
thf;  fitritta  below  the  btnl.  being  (protected  by  a  bad 
[cimductor  of  heatn  will  be  heated,  and,  bcin^  boated, 
be  expanded ;  or,  as  Sir  J.  Herschel  has  ob- 
'ed,  may  produce  explosion  by  the  conversion  of 
[tbeir  moisture  into  steam.    Such  specnlatiorts,  when 
[founded  on  real  data  and  sound  ealculations,  may 
hereafler  be  of  material  use  in  geology. 

The  doctrine  of  central  heat  and  fluidity  has 
»een  rejected  by  some  eminent  philosophers,     Mr. 
*yeirs  reasons   for  this  rejection   belong   rather  to 
leoretical  Geology;  but  I  may  here  notice  M. 
'oisson^s  opinion.     lie  does  not  assent  to  the  con- 
elusion  of  Fourier,  that  since  the  temperature  in- 
creases in  descending,  there  must  be  some  prbnitivc 
:central  heat.     On  the  contrary,  he  considers  that 

'  Oa  tht  Tcmpir  0/  Serupir,  1034.  Soe  hIho  Joamn/  r/  /hf 
Roifai  liirL  viA.  ii-.  C|uoU^  iii  CunvJt-  itnd  F\i.  p.  Xf.  Lyell, 
,  B.  ii'  c.  six.  p.  3«3,  (4th  pd.)  on  Rupnni^inn  nf  E^toni' 


Ho  suppose?'  tTiafTatnce  s 

has  cooled  down  hy  the  i 
ing  circumstances;  while 
unknown   Uopth.  retains 
elevation  of  temperature, 
not  likdj  to  expei  the  liel 
of  the  subterraneous  heat 
Ruch  an   inerjujility  in  th 
fcTcnl  regions  in  wliii'h  I 
at  tlifferent  times.  Is  alto, 
pushed  to  the  amount  to  ^ 
in  order  to  account  for  tli 
impmbahle'.     The  doctrin 
other  hand,  (which  need  m 
ing  the  unicttr^ai  Huidity  i 


'  For  fJiis  LjpDtliLTtiB  would' 
ihut  thtf  tulh  has,  at  flome  ford 
uLLjlt  titor  or  ettara  more  huat  thim 
Bnt  thla  would  implv.  sjh 
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naturally  su^ested  hy  the  subterraneous  increase 
of  tem|K'ratures,  but  e\pJ^ns  the  splieroiUal  figiJrc 
ut'  the  eurtit ;  and  fulls  In  with  »hnitst  jiny  llignry 
which  can  be  devised,  of  vi>lcanocs,  earthquakes, 
and  great  geological  changes. 


I 


SecL  5. — Problems  respecting/  Eletntimn  arid 
Ci^dallifus  Forces. 


Other  problems  respecting  the  forces   hy  which 
great  masses  of  the  earth's  crust  have  been  dis- 
placed, have  also  been  solved  b^  various  mti.tlienia- 
ticians.     It  has  been  maintamed  by  Voq  Buch  that 
there  occur,  in  various  places,  craters  of  eliTathn  ; 
this  is,  inountaiu-mas&es  resembling  the  craters  of 
volcanoes^    but    really  produceil    by   an   expansive 
force   from  below,   bursting  an   aperture   through 
horizontal  strata,  and  elevating  them  in  a  conical 
form.     A^inst  this  doctrine,  as  exemplitied  in  the 
^Hiitost  noted  instances,  strong  arguments  have  been 
^^fidduced  by  other  geologists.     Yet  the  protrusion 
^BdT  fused  rock  by  subterraneous  forces  upon  a  large 
^■Bcale  is  not  denied:  and  how  far  the  examples  of 
tiuch  operations  may.  in  any  eases»  be  termed  craters 
if  elevation,  nuist  be  considered  as  a  question  uot 
decided.     On  the  supposition  of  the  truth  of 
^On  Bueh's  doctrine,  M.  de  Beaumont  has  calcu- 
ited  the  relations  of  jmsition,  thf   fisj^ures,  &c., 
'hich  would  arise.     Aad  Mr,  Hopkins',  of  Cam- 

■  Tranji.  Camb.  Phii.  Sac.  vnl.  ^i,  IB36. 
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briiljxe.  has  h\vi}St\pa.ii?i\  in  a  murh  nmre  grnrnJ 
maimer,  upon  tn^jchuiiical  j>riiicii>les,  ih-?  Jaws  of 
tlif  olevatioDs.  tifi£urc&  faults,  vdns.  Aud  oUmt 
phononiQna  which  would  result  from  an  devaton 
force,  acting  sinmltancLinsly  &t  every  t^oitit  boiicAlfa 
extensive  portions  of  the  crust  of  the  earth.  An 
application  of  mathennatical  tf^asoaiug  to  the  illus- 
tratioD  of  the  pheaoniena  of  veins  bad  btfort-  heeo 
inftdo  in  Germany  by  Sclmiidt  and  /immerniap* 
The  conclusions  which  Mr.  Hopkms  has  obtained 
respecting  the  two  sets  of  fissures,  at  right  an^jJes 
to  caeh  other,  which  would  in  general  be  producinl 
hy  snob  foi-ces  ;ls  he  supposes,  may  suggest  iiilorett- 
\ng  pointii;  of  nxnmination  respecting  the  geological 
phenomena  of  fissured  di3tricts(6A.) 

Other  forces  still  more  obscure  in  th^  itatare 
;tnd  laws,  have  played  a  very  important  part  in  tlu> 
formatlim  uCtbc  earth's  crust.  I  T^pi^  of  the  forces 
hy  which  the  crystaJlire,  slaty,  and  jointed  strufr 
ture  of  mineral  massen  has  been  producctl-  These 
forces  are  probably  ideutieaL  on  the  one  hand,  with 
the  cohesive  forces  from  which  rocks  derive  li»eir 
solidity  aud  their  physical  properties ;  while,  oil  the 
other  hand,  they  ore  closely  connected  with  the 
forces  of  chemical  attraction.  No  attempt^  of  ^uiy 
lucid  and  hopeful  kiud,  have  yet  been  made  to  bring 
such  forces  under  dofinitt'  mtohanical  ronceplioia: 
and  perlmps  inineralogy,  to  which  science.  Bst  th' 
point  of  junction  of  chemislry  and  crystallography. 
•  Phil.  Mftg.  Juljf.  UCkl,  p.  3. 
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such  attempts  would  bolong.  is  hardly  yet  r!pe  for 
such  speculations.  But  when  vg  look  at  the  uni- 
versal prevalences  of  erystallino  forms  and  clcava^s, 
at  the  extent  of  the  phenomena  of  slaty  cleavage, 
and  at  the  sfffregation  of  special  minorab  into  veins 
and  nodules,  which  bas  taken  place  in  some  un^ 
kuown  mauntr,  we  caouot  doubt  that  the  forces  of 
which  we  now  sjteak  have  acted  very  widely  and 
energetically.  Any  elucidation  of  their  nature  would 
be  an  important  step  in  geological  dynamics  (qa). 


Sect.  6. — Theories  ^  Changes  qf  Climate, 

As  we  have  already  stated,  Geology  offers  to  us 
strong  evidence  that  the  climate  of  the  ancient 
periods  of  the  earth's  history  was  hotter  than  that 
which  now  eusts  in  the  same  countries.  Tliis,  and 
other  circumstances,  have  led  geologists  to  the  in- 
vestigation of  the  cflflcts  of  any  hypothetical  causes 
of  such  changes  of  comliiion  in  rr^jk'Ct  of  heat. 

The  love  of  the  contemplation  (it'  getimctrical 
symmetry,  as  well  as  other  reasons,  suggested  the 
hypothesis  that  the  earth's  axis  had  originally  no 
obliquity,  but  was  perpendicular  to  the  equator. 
Such  a  construction  of  the  world  had  l>oeD  thought 
of  before  the  time  of  Milton '^  as  what  might  be 
supposed  to  have  existed  when  man  was  expelled 

'*  Some  eay  Uv.  ^mAti  Iiia  angolH  turn  a.^kaii«j 
The  polfls  of  HKtli  twioo  Uii  di^fTcca  and  nuire 
From  the  van's  uk,  Ac  —  ParadtM  I,<ut,  x.  314. 
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from  Fajadise:  and  Buruet,  iu  hU  Soared  Thtxrrf 
a/  th,'.    Eitrth,  {}mi\)  adopted  this  notion  of  the 

The  aprinft 
l*erpuli»fl]  bmili^  on  larth  widi  vtrdflnt  Buw«a«, 
Equal  in  doyn  and  nighld- 

Id  modem  times,  too,  some  persons  have  been 
disposed  to  adt^il  this  hypothesis,  l>c<?ause  thej 
have  conceiveil  that  the  prcst'iit  polar  distribution 
of  light  is  Inconsistent  with  the  production  of  the 
foi^sil  plants  whifh  are  found  111  those  re^ons", 
even  if  we  could^  in  some  other  way,  account  for 
the  change  of  temperature.  But  this  alteration  in 
the  axis  of  revolution  could  not  take  placi*  without 
a  subversion  of  the  equilibrium  of  the  surface,  such 
as  does  not  appt'Xir  to  have  occurred;  and  the 
chaugi>  ha^  of  late  been  generally  declared  impo»- 
«ble  by  physical  astronomers. 

The  effects  of  other  astronomical  changes  h;ive 
beon  ealeulaitnl  by  Sir  John  Ilers^cheh  He  has  ex- 
aukined,  for  Instance,  the  thunrnytLcal  const^quenoes 
of  the  diminution  of  the  eccttntricitv  of  the  earths 
orbit,  which  has  been  going  on  for  ages  beyond  the 
records  of  history.  He  finds"  that,  on  thisi  account, 
the  annual  efl'ect  of  solar  radiation  wonid  increase 
as  we  go  b.ick  to  remoter  peri<jds  t>f  the  (>u»l;  but 
(probably  at  least)  not  in  a  deyjee  sutftcicnt  to 
account  for  the  ap{>arent  |>ast  chaiigi^  of  cl 

"  fJfoJ.  TVfliif.  vol.  iil-  p^S9A. 
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rif  fiinl^j.  however,  that  though  the  cfToct  of  ihls 
change  on  the  mean  temperature  of  the  year  may 
be  small,  the  eflbet  on  the  extreme  temjieraturL'  of 
the  seasons  will  be  much  more  eon  side  rahle ;  "so 
as  to  produce  alternately,  in  the  same  latitude  of 
either  immisphere,  a  i>erpetual  spring,  or  the  ex- 
treme vieisftitudofi  of  a  burning  summer  and  a 
rigorous  wint^r'V 

Mr.  Lyell  has  traced  the  consequences  of  another 
hypothesis  uu  thifi  subject,  which  appears  at  first 
«ght  to  promise  no  very  striking  results,  but  whic-h 
yet  is  found,  upon  examination,  to  involve  adequate 
causes  of  very  great  changes;  I  refer  to  the  sup- 
posed various  distribution  of  land  and  water  at  dif- 
ferent jHTiodB  of  ths  earth's  history.  If  the  land 
were  aJI  gathered  into  the  neighbourhood  of  the 
poles,  it  would  become  the  seat  of  constant  ice  and 
finow,  and  would  thus  very  greatly  reduce  the  tem- 
perature of  the  whole  surface  of  the  globe.  K  on 
the  other  hand,  the  polar  regions  wore  principally 
water,  while  the  tropics  were  occupied  with  a  belt 
of  laudf  there  would  be  no  part  of  the  earth's  siir- 
iace  oil  which  the  frost  could  fasten  a  firm  hold, 
while  the  torrid  zone  would  act  like  a  furnace  to 
heat  the  whole.  And,  supposing  a  cycle  of  terres- 
trial changes  in  which  these  conditions  should  suc- 
ceed each  other,  thr  wintor  and  sumuier  of  this 
'■great  year,"  might  differ  much  more  than  the  ele* 
vated  temperature  which  we  are  led  to  ascribe  to 

"  Ga>l.  Trant.  vol.  iii.  p.  B98. 
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former  periods  of  the  glgbe,  can  be  judged  lo  hattr 
differed  from  the  present  state  of  tilings. 

Tiie  ingeuuit^  and  plausibility  of  this  tbiMinr 
cannot  bf  doubted :  aiul  perhaps  its  results  msy 
hereafter  he  found  not  fjuite  out  of  the  Tea<:b  of 
calculation.  Some  progress  has  already  boon  made 
in  caJculaCing  the  movement  of  heat  intOt  tbruugh. 
and  out  of  the  earth :  but  when  we  add  to  this  the 
effects  of  the  currents  of  the  o«?3n  and  the  atmo- 
sphere, the  problem,  thus  involving  io  man^'  ther^ 
molical  and  atmological  laws,  operatioif  under  com- 
plex Cfiiiditions,  is  undouhtedh  one  of  extreme 
difficulty.  Still,  it  is  jKiniething,  in  this  as  in  all 
cases,  to  have  tbc  problem  even  stated;  and  none  ^ 
of  the  elements  of  the  solution  appears  to  he  of  ^ 
8ucb  a  nature,  that  we  need  allow  ourselves  to  >idd 
to  despair,  respecting  the  poisslbility  of  dealing  with 
it  in  a  useful  manner*  as  our  knowledge  becomes 
more  complete  and  detinite. 
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!PHfK!BESa  OF  THE   GeOLOCICAL   DYNAMlCa  OF 
Obuamzcd  Bf.imgs. 
Sect  1. — Objacfs  1/  this  Science, 

PEHHAF8  in  eKtending  the  term  iieohiiicfd 
Dffnamcs  to  the  causes  of  changes  in  organized 
beings.  I  sh^ll  1hi  thought  to  he  eniploying  a  forced 
and  inconvenient  phraseology.  But  it  will  he  found 
that,  in  onler  to  treat  geology  in  a  truly  seietitiiip 
manner,  we  must  bring  together  all  the  cksses  of 
speculations  concerning  known  causes  of  change; 
and  the  Organit^  nyuamics  of  Goology,  or  of  Geo- 
graphy,  if  the  reader  prefers  the  word,  appears  not 
an  inappropriate  phrase  tor  one  part  of  this  body  of 
researches. 

As  has  already  been  said,  the  speeiefi  of  plants 
and  animals  which  are  found  imbedded  in  the 
strata  of  the  earth,  are  not  only  diiferent  from  those 
which  now  live  in  the  same  regions,  but,  for  the 
most  part,  differetit  from  any  now  existing  on  the 
face  of  the  earth.  The  remains  which  we  discover 
imply  a  past  state  i>f  things  diffrrcnt  from  that 
which  now  prevails ;  they  imply  also  that  the  whole 
organic  creation  has  been  renewed,  and  that  this 
renewal  ha^  tak<?ii  place  several  timesn    Such  extra- 
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very  \v}U\  P»j>vculatiotu. 

Dut.  AA  hu  Alreadjr  been  nwl,  we 
cuUU;  UJKJ11  Huoli  fact*^  in  the  paeL  Uelnn  uf  thr 
^obo,  without  taking  a  lv]ge  survey  oTiu  prc*M 
coiKlttton.  Docs  the  pr^scrtt  aninia]  aod  veg^tobk 
i]rulntion  differ  frutn  tho  past.  Id  the  same 
lirli  tlKT  [irifducts  of  oui^  re^on  of  the 
narth  diflV-r  from  tboHc  of  another?  Can  the  eK»-' 
tion  and  dilfusion  of  the  fossil  speei^s  be  cxplaioed 
iu  the  ^me  manner  as  the  creation  atid  diAusioa  of 
thu  cr4^'alurea  among  ivhich  we  livef  Ant}  these 
<|iioHtions  lejul  lis  oEtwanls  aijoth^r  step*  to  ask, — 
What  rirt'  tlir  laws  by  whicli  the  plants  and  aniiQals 
of  diflbroiit  i>artf*  of  iho  <--arth  diEler?  What  was  tbp 
iiianii^r  in  which  they  wcro  originally  diilufieid? — 
Thus  Wi-  havL-  lo  iucluUo,  as  porti'imi  of  our  snbj<<rt, 
the  iifo^vophif  u/ i'ittnls,  and  ti? Animttis,  and  the 
ilis'torif  t^f  tftt*ir  ''hituijf^  ftttd  iliffttgion:  intenditig  by 
tho  latt<;r  siibji^ct,  o^  course,  inr/ietltfti^/icai  IJi^tciry, 
*-(ht.'  exAmiiiation  of  the  causes  of  tvhat  has  occur- 
red, uud  thu  itif(!n'nL-[!  of  past  uveut^  froiu  wltal  we 

know  of  lMbUM'8. 

It  is  unn<*ci<ssar}'  for  me  tn  give  at  an^  Iciif^ 
a  Mntenuml  of  tbf  problems  which  are  mdudi'd  in 
these  branrhi's  of  mmcjuv.  or  of  iht?  |>ni^>ss  which 
haa  Ken  mmh*  in  duni;  since  S\t.  I.ycll.  iu  his  work 
on  Geology,  has  treati:d  thi*^'  siiliiocta  in  a  T^y 
ahio  manner,  and  lii  the  same  [^nt  of  view  in 
uhieh  I  au»  ihuH  IfO  lo  consider  th«m.     I  will  mdj 


OHGANfC   UBOLOGICAL  DYNAMICS, 


l!2l 


briefly  refvT  to  some  points,  avnilin^  myscif  of  his 
labours  anil  his  idea^. 


5^  2. — Geotjraphp  fjf  Piants  and  Animo!^. 

With  regard  tiotfi  to  plants  unii  aniiiiiil.s  it  »[>- 
pears',  that  besides  such  differences  in  the  products 
of  dillerent  regions  as  we  may  natiir:LlIy  suppose  to 
be  occasioiK'U  by  climate  and  I'ther  rxtcniiil  cimst's; 
an  exa-minution  of  the  whole  organic  population  of 
the  globe  leads  us  to  consider  the  earth  as  divided 
into  'j^yo'ciitces,  each  province  being  occupied  by  its 
own  group  of  species,  and  these  groups  not  being 
mixed  or  interfused  amen^  each  other  to  any  great 
extent.  And  thus,  a^  the:  earth  is  occupied  by 
various  nations  of  men,  each  appearing,  at  first 
sight,  to  be  of  a  dilferent  stock,  so  each  other  tribe 
of  living  things  is  scattoreil  over  the  ground  in  a 
similar  iiianniT,  and  distributed  into  its  separate 
nations  in  distant  countries.  The  places  where  spe- 
cies are  thus  peculiarly  found,  are,  in  the  case  of 
plants,  called  their  sUttimm.  Yet  each  species  in  JLs 
own  region  loves  and  selects  some  peculiar  condi- 
tions of  shade  or  exposure,  soil  or  moisture ;  its 
place  defined  by  the  preneral  description  of  such 
conditions,  is  called  its  huIAtatwn^ 

Not  only  each  sjjecius  thus  placf^^d  in  its  own 
province,  has  its  position  further  fixed  by  its  own 
habits,  but  more  general  groups  and  assemblages 

'  Lyell,  PnWp^«,  I),  iii.  c,  v. 
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are  foutid  to  he  detomilncd  in  thc'ir  sttu&tifm 
more  general  oondittoiis.     Thus  it  h  the  character 
of  the  j/oi'it  of  a  colleclion  of  isl^rndfi,  scattered  j 
through  a  wide  ocean    ui  a  tropicHi   and   huinntfl 
ditnate,  to  contain  an  immense  prepofi  do  ranee  of 
treo-ferns.     In  the  same  way,  the  situation  and 
depth  at  wluch  certain  genera  of  shells  are  fuuod 
have  been  tabulated"  bv  Mr.  BrudtriiK     Such  grno- 
ml  iiifercnrt^ft,  if  thny  can  hi'  f:iecure]y  made,  are  of' 
cxfreine  int<TOfiC  in  their  bearing  on  geologic^  spe- 
cidatioTis, 

The  means  hy  whicli  plants  and  animals  arr 
now  ditTused  from  one  place  to  another,  have  been 
ueil  described  hy  Mr-  Lyell\  And  he  has  considered 
also,  with  due  attention,  the  manner  in  which  ihev 
hecome  imbedded  in  minGral  dejiosiU  of  vriHcmi^ 
kinds'-  He  has  thus  followed  llic  [tlstury^  of  orj^an- 
ized  bodies,  from  the  germ  to  the  tomb,  and  thenw 
to  the  cabinet  of  the  geologist.  ■ 

Bnt,  besides  the  fortunes  of  individnai  pbintA 
and  animals,  there  is  anothiT  el^s  of  i|uestions,  iif 
great  interest,  but  of  great  rlifliculty; — the  fortune* 
of  each  specie.^.  In  what  mam»er  do  species  whidi 
were  not,  begin  to  be?  as  geology  teaches  us  tliai 
they  many  times  have  done;  and,  as  even  Aur  own 
reasonings  convince  n."*  they  must  have  done,  at  lea*t 
in  the  case  of  the  species  among  which  we  livf*. 

We  here  obviously  place  before  us,  as  a  Mihj.-rt 

'  LyvilR  ill.  «.r.  vi   til  ■  KiiLcsU* 
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feareh,  the  creation  of  living  things  ;— a  subject 
shrouded  in  mystery,  and  not  to  he  approached 
without  reverence.  But  though  we  may  coocelve, 
that,  on  this  subject,  we  are  not  to  seek  our  belief 
from  science  alone,  we  shall  find,  it  is  asserted, 
within  the  limits  of  allowable  and  unavoidable  Bpe- 
oulation,  many  curious  and  important  problems 
which  may  well  employ  our  physiological  skill.  For 
example,  we  may  ask  :■ — how  wc  are  to  recognize 
the  species  which  were  originally  created  distinct? 
— whether  the  population  of  the  earth  at  one  geo- 
logical epoch  could  pass  to  the  form  which  it  has 
at  a  Bucccciiing  period.  Iiy  the  agency  of  natural 
causes  alone  ? — and  if  not,  what  other  account  we 
can  give  of  the  succession  which  we  find  to  have 
taken  pLtce  ( 

The  mo^t  remarkable  point  in  the  attempts  to 
answer  these  and  the  like  questions,  is  the  contro- 
versy Ijetween  the  advocates  and  the  opponents  of 
the  doctrine  of  the  trtinfnnntiition  iff  speiyh'^.  This 
question  is.  even  from  its  mere  physiological  im- 
port, one  of  great  interest:  and  the  interest  is  much 
etdianced  by  our  jjeolo^cal  researches,  which  again 
bring  the  question  before  ns  in  a  striking  form,  and 
on  a  gigantic  scale.  We  shall,  therefore,  briefly 
state  the  point  at  issue. 

&rf.  3. — Q*f^:itioii  oftiiG  TraiiSmtUii-iiojt  (/Species. 

We  see  that  animals  and  plants  may,  by  the  influ- 
ence of  breetling,  and  of  external  agents  operating- 
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ii|ioQ  tht^ir  constitution,  lie  ^eatlv  DKidifioth  i*j  s» 
tn  givt*  riso  to  vanities  uiid  niees  ilitliTi'iil  frtim 
what  bet'ire  existed-  How  diAerent,  for  instance,  is 
one  kind  and  breed  of  dog  from  another !  The 
r|uestioi],  then,  is,  wliothpr  or^iialzL-d  bt-ings  can.  bj 
the  mere  wortinj,'  of  natural  tauses,  pass  from  tht- 
type  of  one  species  to  that  of  another?  whether  the 
wolf  may,  by  domesticatioiu  bucome  the  dog  f  whe- 
ther the  ouraug-oatang  may,  by  the  power  of  enter- 
nal  circumstances,  be  brought  withiit  the  circle  oflhc 
human  species  f  And  the  dliemma  in  which  w^  arc 
placed  is  this; — that  ii' species  are  not  ihiis  iuler- 
obfiugeable,  w^  must  sujipose  the  fTuctuations  of 
whieh  earh  Fiperie^  is  capahli-.  and  which  arie  appar- 
ently indi'finilr,  to  be  buund^^d  by  rigoroiuri  limits; 
whereas,  if  we  ailow  such  a  rrti/tsntuf^rfion  t^  fp^ 
^j,  we  abandon  that  belief  in  the  adaptation  of 
the  stmtrture  of  every  creature  to  its  destined  nuKli' 
of  beings,  whir-h  not  only  nmst  |>erH(ms  would  give 
up  willj  repugnance,  but  which,  ad  we  have  srnnn. 
has  constantly  and  irresistibly  impressed  itself  od 
the  minds  of  the  best  naturalists,  as  the  true  riev 
of  the  order  of  the  world- 

But  the  study  of  geology  oppns  to  us  the  spec- 
tacle of  many  groups  of  species  which  have,  in  lh( 
course  of  the  earth's  history,  succeeded  each  athrt 
at  vast  intervals  of  time;  one  set  of  anlmoU  and 
plants  disappearing,  aft  it  would  seem,  from  tbi*  doe 
of  our  planet,  and  others,  whieh  did  nut  bcfurt^ 
exist,  becoming  the  only  occnpartts  of  the   _ 
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And  tlie  dileiuma  theti  jircsi-nts  itself  to  us  anew: — 
either  we  must  fi^^ct'pt  tltc  doetrini?  of  tbo  transmu- 
tation <jf  species,  aTid  must  suppose  that  the  organ- 
ized species  of  one  geological  epoch  were  traos- 
muted  iuto  those  of  another  by  some  long-continued 
agency  of  natural  cau.^ef^;  or  else,  we  must  helieve 
in  many  successive  acts  of  creation  and  extinctirm 
of  sjiecieB.  out  of  the  common  course  of  nature;  acts 
which,  therefore,  uc  may  properly  caU  miraculous. 

Tliifi  lattGr  dilemma,  however*  is  a  <|uestion  roii- 
ceming  the  fiiets  whieh  have  hap{H-ned  in  the  his- 
tory of  the  world;  the  deliberation  respecting  it 
belongs  to  physical  geology  Itself,  and  not  to  that 
subsidiary  science  which  we  are  now  describing, 
and  which  is  concerned  only  with  such  causes  as 
we  know  to  he  in  constant  and  orderly  action. 

The  former  question,  of  the  limited  or  unlimited 
extent  of  the  modifications  of  animals  and  plants, 
has  received  full  and  careful  consideration  from 
eminent  physiologists:  and  in  their  opinions  we 
find,  1  thiuk,  an  indisputable  preponderance  to 
that  decision  which  rejects  the  transmutation  of 
species,  and  which  accepts  the  former  side  of  the 
ilemma;  namely,  that  the  changes  of  whieh  eaeh 
species  is  susceptible,  though  difficult  to  define  in 
words,  are  limited  In  fact  It  is  extremely  interest- 
ing and  satisfactory  thus  to  rewnve  an  answer  in 
which  we  can  confide,  to  ini^uiries  seemingly  so 
wide  and  bold  as  those  which  this  subject  involves, 
I  refer  to  Mr.  Lyell,  Dr.  Pricbard,  Mr.  La^*Tonce. 
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ATid  others,  for  the  lii^ory  of  tlie  di«eus^0lk,  and 
the  grounds  rjf  llii-  ilmsiaii ;  am!  1  wliaJl  quoie  vCTy 
bri^^fly  ihc  niiiin  points  an<J  conclusions  to  which  ibt 
inquiry  has  lc<i\ 

It  may  be  coii-sidprei  thon,  as  deV^miined  hj 
the  ovor-halancp  of  physiolo^cal  autliorily,  thai 
there  is  a  ca^iocity  id  aJl  species  to  a.ccomiDodate 
themselves,  to  a ''ertaiii  extent,  to  a  changie  <>r  ex- 
ternal circumslanees :  this  extent  varying  greatly 
accordiu^  to  the  s^iecies.  Tliere  nL;ty  thus  aritf 
changes  of  appearaiiee  or  structure,  and  some  of 
thoso  chants  are  trausml^ible  to  the  ot!spring:  huL 
the  mutalious  thus  superipduced  are  governed  bj 
constant  law^  and  confin(>d  within  certaitt  limiU. 
Indefinvto  divergence  from  the  ori^naJ  typt*  ii  aol 
possible;  and  the  extreme  limit  of  possible  variiK 
tioD  may  usually  be  renobed  in  a  brief  period  oTj 
time:  in  short,  species  haT^  a  real  ^MiiSence  xm 
MUnrii^  and  a  transmutation  from  one  to  anotber 
doca  not  cxist. 

TJjus,  for  example,  Curier  remarks^  that  not 
withstanding  all  the  dlfH^reitccs  of  size,  appearmnor, 
and  habits  wliich  vri:^  find  in  the  dogs  of  Tariotu^] 
races  and  countriefs  and  though  we  have  (in 
Egyptian  mummies)  skeletons  of  this  anbnal  as 
existed  three  thousand  years  ago,  the  relation  of 
lK»nes  to  <>aeh  other  remains  essentially  tlw  mmt\ 
mul>  nith  all  the  variptius  of  their  idiape'  aad  uvJi^ 

'  LycU,  U.  iii.  c-  it. 

'  Hmtb.  Fium.  Ilffc.  PrfL  p.  91^ 
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then*  aru  characters  whi<'h  resist  all  tht*  infliipnccs 
both  of  external  nature,  of  human  intprroiirsp,  ami 
of  time. 


Seti.  4. — Ui/jtofhesin'  of  P7'0ffreifsiv€  Tfvd^mMe9, 

WiTiTLN  certain  limits,  however,  as  we  have  said, 
est^rnal  circumstances  produce  changes  in  the 
forms  of  orpani^ed  httinj;^.  TIh;  causefi  of  cliange, 
and  the  laws  and  liTnits  of  their  effects,  ils  they 
obtain  in  the  existing  state  of  the  organic  creation, 
are  m  the  highest  degree  interesting.     And,  as  has 

teen  already  Intiinatcd,  tho  knowledge  thus  ol>- 
I,  has  been  applied  with  a  view  to  explain 
le  origin  of  the  existing^  population  nf  the  world, 
and  the  euccessicn  of  its  past  conditions.  But 
those  who  have  attempted  such  an  explanation, 
have  found  it  npcessary  to  assume  certain  addi- 
tional laws,  in  order  to  enable  themselves  to  de- 

laee.  from  the  tenet  of  the  transmutability  of  the 
species  of  orgam/ed  beings,  such  a  state  of  things 
as  we  see  about  us,  and  such  a  succession  of  states 
fts  is  evidenced  by  geological  researches.  And  here, 
tin,  we  are  brought  to  questions  of  whicli  wc 
must  seek  the  answers  from  the  most  profound  phy- 

tiologists.  Now  referring,  as  before,  to  those  which 
appear  to  he  the  best  authorities,  it  is  found  that 
these  additional  positive  laws  are  still  more  inad- 
niis^ible  than  the  primary  assum|>tion  of  indetinLtt^ 
capacity  of  change.  For  example,  in  cirder  Ui 
account,  on  this  hypotbesis,  for  the  seeming  adap- 
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talion  of  the  tndowniuuts  nf  animiib  to  ihw  mtntt, 
it  i^  held  ihat  thf^  cndowinenU  are  ihc  irsult  <rf 
thu  waxiUi; — th;it  the  hwiftm^s  of  the  aTiU^!(i|x% 
the  ctawH  and  teeth  of  tlio  lion,  tho  trunk  of  the 
elephant,  the  long  neck  of  the  giraffe,  bave  bcfQ 
produced  hy  a  certain  plastic  character  ia  the  uoo- 
stitution  of  aainials,  operated  uptrii,  for  a  long  cour% 
ofages^  hy  the  attcnipts  i;vlHc-h  these  animaU  niaile 
to  attain  objects  which  iWr  previous  organization 
did  not  place  within  their  roach.  In  this  »a^.  it  U 
maintained  that  the  mo^t  striking  attributes  of  ani- 
mals, tliosc  which  iippiiri'Titlv  intpl/  most  rlourly  ifi(> 
providing  skill  of  their  Creator,  have  bt-en  brought 
forth  bv  llje  long-repeated  eftbrtj  of  the  creaiurc^ 
to  attain  tbe  objeet  of  their  desire;  ihtia  jtrilinalH 
with  i\n!  highest  enduutneiits  have  bi^u  graduaJlv 
developed  from  ancestral  forms  of  the  mott  limited 
organization :  thus  fish,  birds,  and  beasts,  have 
grown  from  sumU  iftlfithums  i»/rlii's»  "  [>L^Lit»  corps 
gelatineux/'  poiiscsisin^  some  ol»scnre  prinnpU-  of 
life,  and  the  capacity  of  develoiiemeni ;  and  thus 
man  himseUI  with  ait  his  hiteUeetiial  auJ  rtjoral,  as 
well  as  phj^sical  privileges,  hfts  been  d^^iveii  frtoa 
some  creature  of  the  ape  or  baboon  tribe,  urgL<d  bj 
a  constant  toTjdcnry  to  improve,  or  at  lejist  to  alt*r 
his  condition. 

A&  we  have  said,  in  order  to  arrive,  e^Tii  hvpo- 
thetiirallj'.  at  tins  result,  it  b  neces&ax>  to  assuuiL% 
besides  a  mere  capacity  for  change,  otiicr  jvcHJtivx 
and  active  principles,  some  -f  which  we  nia^  i 
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Thus,  we  ninst  have,  as  the  dirnct  proHiictiona  of 
natiirp  on  this  hyiiothesia,  pcrtftin  monaib  or  rough 
<lraiights,  tlie  priiuarj'  rudiments  of  plants  and  ani- 
mals. We  must  have,  in  these,  a  constant  tendency 
Ui  pnKjri'ssi'm'  improtemenU  to  the  attainment  of 
higher  powers  and  faculties  than  they  possess;  which 
tendency  is  agam  perpetually  modified  and  con- 
trolled by  thc/o/-Cti  of&.zt^tiial  drcumstaim'^.  And 
in  order  to  account  iiir  tho  simultanouus  uxistcnre 
of  animals  in  cverj"  stage  of  this  imaginary  progress, 
we  must  suppose  that  nature  is  compelled  to  be 
miiftirntlff  jjnidudnp;  those  elementary  beings,  from 
whirh  all  animals  are  sueee^aively  developed, 

I  need  not  stay  to  point  [>ut  liow  extremely  arbi- 
trary erery  part  of  this  achemo  is:  and  how  complex 
its  machinery  would  be,  even  if  it  did  account  for 
the  fflttH.  It  may  be  suHieient  to  observe,  as  others 
have  done",  that  the  capacity  of  change,  and  of 
being  influenced  by  external  circumstances,  such  as 
we  really  find  it  in  nature,  and  therefore  such  as  in 
acienee  we  mnst  represent  it,  i.s  a  tendency,  not 
to  improve,  but  to  deteriorate.  When  sfiecies  are 
mwlified  by  estenul  causes,  they  usually  degenerate, 
and  do  not  advance.  And  there  is  no  instance  of 
a  species  ac']uinng  an  entirely  n^w  sense,  faculty, 
or  organ,  in  addition  to,  or  in  the  place  of,  what  it 
bad  before. 

Not  only,  then,  i&  the  do^trinr  of  the  transmu- 
tntion  of  species  in  itself  clisprovml  by  the  best  phy- 
'  LypJl,  B.nL  f-  IT. 


place  on  tills  ?^ubjoct.  '^ 
occaskmtHi  h_v  the  diji^rov 
UGW  tcsHJl  ariinial  tVom  tli 
of  India,  M.  GeortVoy  S 
belief  in  the  immutaijilitv 
which  is  fading  nwny  frui 
too  of  the  temiinatioD  o 
cloture  du  si^cle  de  Cun< 
niunt  (if  a  lietter  icnnlo^ca 
he  expresses  himself  witb 
licrccive  that  ho  adduce^ 
opinions,  any  arguinents  1 
he  urgLnl  during;  the  lifd 
reader'  may  recollott  thai 
controversy  led  us  to  vfl 
from  tus,  respecting  the  pi 
physiology.  The  rliscoverj 
plies  no  particle  of  proof  t 
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advice  of  that  eminent  naturalist,  M-  de  Blalnvin*?^". 

"A^inst  this  h^iothrais,  wliieh,  up  to  the  present 
time,  1  regard  as  }>urL'lj  j^aluitous,  aud  likely  t€ 
turn  geologists  out  of  tin'  sound  and  excellent  road 
in  which  they  now  are»  I  willingly  raise  my  voice, 
with  ihe  most  absolute  conviction  of  being  in  th« 
right'' 

Serf.  5, — Question  qf  Creation  as  related  to  JScienc^^ 

But  since  we  reject  the  production  of  new  species 
by  means  of  extornal  influence,  do  we  then,  it  may 
be  asked,  accept  the  other  side  of  the  dilemma 
which  we  have  statcil ;  and  aihiiit  a  scries  of  crea- 
tions of  species,  by  some  power  beyond  tliat  which 
we  trace  in  the  ordinary  course  of  nature  ? 

To  this  (]ueetioji,  the  history  and  analogy  of 
science,  I  conceive,  teach  us  to  reply  as  follows: — 
All  palretlolo^cal  sciences,  all  speculations  which 
attempt  to  ascend  from  the  present  to  the  remote 
past,  by  the  chain  of  causation,  do  also,  }»y  an  inevlt- 
uhle  r(nis[?f|uencc.  urge  us  to  look  for  tht;  beginning 
of  the  state  of  things  which  we  thus  contemplate; 
but  in  none  of  these  cases  have  men  bet?n  able,  by 
the  aid  of  scienci',  to  arrive  at  a  beginning  which  ts 
homogenous  with  the  known  course  of  cventSn  The 
first  origin  of  language,  of  civilization,  of  law  and 
government,  cannot  be  clearly  made  out  hy  reason- 
ing and  rericarch  ;  just  a,s  little,  we  may  cxpect>  will 
A  knowledge  of  the  ori^n  of  the  e:iisting  and  extinct 

■•  Compff  Rtndu,  1R37.  No.  fi,  p.  \m. 
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fipodoK  €f  iiliititfi  and  anituals,  Ix^  the  n-suM  of  fbf' 
siolo^cftl  and  goolci^i^Eil  lim^tigatiou- 

But,  though  piiilosophors  hava  novtT  yi^t  douuiu- 
fitrated«  and  perhaps  never  will  bo  able  to  demon- 
strate, what  was  that  primitive  state  of  thmgs  in 
tlii-  80cm1  find   mate-rial   worlds,   fruni    uhich   ibe 
progresfliip  Htato  took  its  first  departure;  thrj  ean 
still,  in  all  the  lines  of  research  to  which  wt-  have 
referred,  ^'o  very  far  back  : — ileli3nnine  many  of  the 
remote  cireiimstanccs  of  the  past  fi^queuee  uf  etvittft; 
— ascend  to  a.  }>oint  nhleh,  fn>m  our  position  at 
least,  seems  to  be  near  the  ori^n; — and  exclude 
muDv    suppositions    respecting    the    origin    itself 
Whether,  bv  the  light  of  reason  alone,  men  will 
evor  be  able  to  do  ni<>r<.'  than  this,  it  is  dilticull  to 
9Ay,     It  la,  I  think,  no  irmtional  opinion,  even  cm 
grounds  of  philosophie&t  analogy  alone,  that  in  ill 
those  sciences  which  look  back  and  seek  a  b^ginninjE 
of  things,  we  may  be  unable  to  arrive  at  a  coft- 
sistent  and  definite  beliet  without  having  rccour*' 
to  oth<^r  gruuudhi  of  truth,  as  wl'U  as  Ut  bisturical 
research  and  scientilic  reasoning.  When  our  tboujjjita 
would  appreheitd  steadily  the  creation  of  things,  «e 
find  that  wo  are  obli^'d  to  summon  up  other  idnv 
thaiL  thosi*  which  regulate  the  pursuit  of  ^ieniifi^ 
truths; — to  call  in  other  powers  than  those  to  wbick 
we  refi^r  natural  events:  it   eaniHil.  tlieit,   bo  tff^ 
hidered  as  very  surprizing,  i£  in  this  part  cf  mir 
iuipiiry.  we  are  compelled  to  look  for  other  than 
the  ordinary  i^vidcnco  c 
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Geol(^,  forming  one  of  the  paliPtio  logics  I  class 
of  sciences^  which  trace  back  the  histoi^  of  the 
fsjth  ajiil  Its  iiihabitujitK  on  philosoplucal  ^rtninds, 
IS  thus  associatecJ  with  a  number  of  other  kinds  of 
research,  wliich  are  concerned  about  language,  law, 
art,  and  consequently  about  the  interaal  faculties  of 
□laii,  hh  thuLt^diti^  his  social  habits,  his  conception 
of  ri^^ht,  his  luve  of  beautj.  Geology  being  thus 
brought  into  the  atmosphere  of  moral  and  mental 
Bpecuiatians,  it  may  be  expected  that  her  iuvesti- 
(Rations  of  the  probable  past  will  share  an  il^f^uencc 
common  to  them;  and  that  she  will  not  be  /illovvcd 
to  point  to  an  origin  of  her  own,  a  merely  physical 
beginning  of  things:  bul  ihat^  aj>  she  approaches 
towards  such  a  goal,  she  will  be  led  to  see  that  it 
i.s  the  origin  of  nuiny  trains  of  events,  the  point  of 
convergence  of  many  lines.  It  may  he,  that  instead 
of  being  allowed  to  travel  up  to  this  focus  of  being. 
we  art  only  able  to  c^stJmatc  its  place  and  nature, 
and  to  ibrm  of  it  such  a  judgment  us  this; — that 
it  is  not  only  the  source  of  mere  vegetable  and 
aumial  life*  but  also  of  rational  and  social  life,  lan- 
guage and  arts,  law  and  order;  in  short,  of  all  the 
prngrestdvc  tendencies  by  which  the  highest  prin- 
ciples of  the  intcllccfual  and  moral  worhl  have  been 
and  are  developed,  as  well  as  of  the  succession  of 
organic  forms,  which  we  find  scattered,  dead  or 
living,  over  the  earth. 

This  reflection  concerning  the  natural  scientific 
view  of  creation,  it  will  bn  obsorvod,  ha^  not  been 
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sought  £<yr,  &om  a  w\%h  tu  arrive  at  such  co&el 
sions;  l»iit  it  Iia8  Howled  »;poiitaneoufl1y  from  the 
lIlHnnr^r  in  wbtrh  wo  Kn.vc  hiul  to  ititrodtice  gi'oliig; 
into  our  cl«59ificatioii  of  the  sciences:  and  this  div 
siRcation  wafi  trained  fi'om  an  tinbiassed  eonsiikii*- 
tioD  of  the  gt^ncral  analoj^es  and  guiding  idena  of 
tho  various  portions  of  our  knowledge.  Such  tv- 
marks  an  wg  have  made  luav  on  this  account  be 
considered  more  worthy  of  attention. 

Hut  such  a  traiji  of  thought  must  Ire  pursued 
with  cjLulion.  Although  it  may  not  bo  possible  to 
arrive  at  a  right  conviction  respectintj  the  nrigin  of 
ihe  world,  without  baring  recourse  to  otlur  iUtiu 
|ihysical  considerations,  and  lo  other  than  geoli-igical 
evidttncr:  yi^t  i?xtranooU)*  connidenitions,  and  rx- 
traneous  evidence,  respecting;  the  nature  of  the 
l>eginning  of  things,  must  never  be  allowed  to  in- 
Uueiici*  our  physics  or  our  geology.  Our  geologicd 
dyuumies,  like  our  astronomical  dynamics,  niay  1w 
inadequate  to  carry  us  back  to  an  origin  of  tliai 
state  of  things,  of  which  It  explains  the  progn>ss: 
but  this  doficiency  must  be  supplied,  not  by  adding 
supenvLtural  to  natural  geological  dyuamics,  but  by 
ace4*|fting.  in  their  proi>er  place,  the  viewa  «upp)W 
by  a  portion  of  knowledge  of  a  different  cluiuler 
and  order.  If  we  include  in  theology  thH  ff|>onila* 
tions  to  which  wf  have  recourse  W  Ibis  purpoirf*. 
we  must  excludi'  tlicm  from  geology.  The  iwfl 
seicners  may  ronxpire,  not  by  having  any  pan  b 
common:  bur  l>ecau*f,  tliouf^h   widely  divenm  ia 
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UiL'ir  lines,  bi>th  pi»mt  to  a  m^vsterious  and  iiivistlile 
origin  of  the  world. 

All  that  which  claims  oiir  assent  on  those  higher 
pounds  of  which  theolugj  takes  cognizance,  must 
elaiiu  such  assent  ae  is  consistent  with  those  grouuda; 
that  is,  it  must  n'liuirc  belief  in  respect  of  all  that 
bears  upon  the  highest  relations  of  our  being,  those 
on  which  depend  our  duties  and  our  hopes.  I*oc* 
trines  of  this  kind  roa^  and  must  be  conveyed  and 
maintained,  hy  moans  of  information  concerning  the 
past  history  of  man.  and  his  social  and  material,  as 
well  as  moral  and  spiritual  fortunes.  He  who  be- 
lieves thnt  a  Providence  has  ruled  the  aHaira  of 
mankind,  will  also  believe  that  a  Providence  baft 
gpoverned  the  Tnnl4?rial  world.  Hut  any  language  in 
which  the  narrative  of  this  government  of  the  ma- 
Uitlai  world  can  be  conveyed,  must  necessarily  be 
very  im|)crfect  ami  inappropriate;  Iwing  expresswl 
m  terms  of  those  idca«  wliich  have  been  selected 

r|H  men,  in  order  to  describe  the  appearances  and 
tSl&tloQS  of  created  things  as  they  atlect  one  another, 
in  all  euses,  therefore,  where  we  have  to  attempt 
to  interpret  such  a  narrative,  we  must  feel  that  we 
are  extremely  liable  to  err ;  and  raost  of  all,  when 
our  interfjretation  refers  to  those  material  objects 
and  operations  which  are  most  foreign  to  the  main 
purpose  of  a  history  of  providence.  If  we  have  to 
F  consider  a  eommnuication  containing  a  view  of  such 
I  a  guvemment  of  the  worl<I.  imparted  to  us,  a&  we 
1       may  suppose,  in  order  to  point  out  the  right  clirec- 
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tlim  for  our  feelings  of  tnist,  ami  rpvrrcoce,  &aA 
hope,  tt»war<T5  the  Governor  of  the  worH  wo  mtt 
expect  tlial  wo  shall  Iw  in  no  Jan^r  of  collecting 
frum  our  anthontj'  iTroiiEjous  notions  with  r^[Anl 
tti  tbe  power,  and  wisrloin,  and  goocSness  of  Hi» 
govenunent;  or  with  respect  to  our  own  pUtv, 
duties,  and  prospects,  and  the  history  of  our  nee 
so  far  a£  our  Uutie.s  auil  prospects  are  roTicrme»l. 
But  that  we  ehoulil  ri|*htly  under^taiul  the  detail  of 
all  events  ia  the  history  of  man,  or  of  the  skiej^  or 
of  the  eartlu  which  are  narrated  for  tht^  purpo^  of 
thus  givinf^  a  ri^ht  direction  to  our  minds,  is  by  do 
means  equally  certain :  and  I  do  not  think  tt  uuuM 
t>c  too  much  to  say,  that  an  immunity  from  per- 
plexity and  errour,  in  such  matters,  is.  on  general 
grounds,  very  impirobablcn  It  cannot  thcu  &ur[>riz<.' 
us  to  tinit,  that  parts  nf  such  narrations  which 
seera  to  refer  to  occurrences  like  those  of  which 
astronomers  and  geologists  have  attenipt<'<l  to  deter- 
mine the  laws,  have  given  rise  to  many  inli^rjircta- 
tiuiLs  all  iticoiiMsLent  wfth  one  aruithcr,  and  most  of 
them  at  variiLiiee  with  the  bt-i^t  estjxh]i5lu!d  principles 
of  astronomy  and  geology. 

It  may  be  ur^cd,  that  all  tniths  must  hr  wn- 
sistont  with  all  other  truths  and  that  then-fore  th** 
results  of  true  geology  or  astronomy  cannot  ho  irTO* 
eoncileaSle  with  the  blatenieut^  of  true  thindogy. 
And  this  universal  eonsisloney  of  tnjtli  ^y''^■  ' 
must  bt*  auM-ntod  to;  but  it  by  no  ulea^ 
thai  wi'  must  bi'  able  to  ohtain  a  fiill  in 
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thtJ  iiaturt-  aiul  uuinncr  of  kucIi  a  coiiftistenGy,  Such 
insight  would  only  be  possibk'  it'  wc  coiiJd  obtain 
clear  view  of  that  central  body  of  truth,  the 
source  of  the  principles  which  app*?ar  in  the  sepa- 
rate lines  of  speculation.  To  expect  that  we  shouM 
see  clearly  how  the  providential  government  of  the 
world  is  consistent  with  thi'  unvaryjfig  laws  by 
which  its  motions  and  dcvciopements  are  regulated, 
is  to  <?xpect  to  understand  thoroughly  the  laws  of 
motion,  of  devclopement,  and  of  providence;  it  is 
to  expect  that  we  may  ascend,  from  geoloij^y  and 
astronomy  to  the  creative  and  legislative  center, 
from  which  j>roccmled  earth  and  starH;  and  tlion 
descend  again  into  tin-  moral  and  spiritual  world, 
because  its  source  and  center  are  the  same  as  those 
of  the  material  creation.  It  is  to  say  that  reason, 
whethf^r  finite  or  inRnite.  must  be  consistent  with 
itself;  and  that,  thereforu,  the  linite  must  bo  able 
to  comprehend  the  intinitc,  to  travel  from  any  otk' 
province  of  the  moral  and  material  universe  to  any 
otlicr,  to  trace  their  hearing,  and  to  connect  their 
Iwundarics, 

One  of  the  advantages  of  the  study  of  the  his- 
tor}'  and  nature  of  science  in  which  we  are  now 
engaged  i^  that  It  warns  us  of  the  hopeless  and 
presumptuous  diarat^ter  of  such  attt^nipts  to  under- 
stand the  government  of  the  world  by  the  aid  of 
science,  without  tlirowing  any  discredit  upon  the 
reality  of  our  knowledge  ; — that  while  it  shows  bow 
solid  and  certain  each  science  is,  so  long  as*  it  rr-'fers 
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iU  own  fncts  to  its  uwfi  Ucas,  it  conHlws  each 
scii'iico  witliin  itb  own  limits,  an<l  condemns  h  n 
emptjr  and  helple:^  wb4>n  it  prunouncos  upon  tliose 
flubjecU  which  are  extraneous  to  it.  The  crronri/ 
pcrwnH  who  should  seek  a  geological  narnittvc'  In 
theological  rerordfi,  would  be  rather  in  Iho  z^'ardi 
itself  thRTi  In  thmr  iiitf?rprctatii»n  of  wliat  tluyy 
might  find  ;  and  in  Like  manner  the  errour  of  tljow 
who  would  conclude  against  a  supernatural  begin- 
ning, or  a  providi.'Dtijil  direction  of  the  world,  u|>od 
goologioal  or  physiological  reasonings^  would  bft 
that  ihev  had  expected  those  sciences  alone  to  place 
the  orit^in  or  the  government  of  the  world  in  itt 
proper  Hglil^ 

Tliough  these  obstTvatiou&i  apply  generally  to  all 
the  palu-'tiohj^cal  ijcience^  they  may  he  pcrmitteit 
bore,  because  they  have  an  especial  bearing  upon 
some  of  the  difficultiea  whicli  have  embaira&sed  ih^ 
process  ofgcologitral  f,-jHH?ijlatroTi ;  and  though  i^ioh 
ditfieullit'M  are.  1  trust,  n<'arly  gone  by.  it  is  impor- 
tant for  us  to  see  thoni  in  their  true  hearing. 

From  what  has  been  said,  it  follows  thai  geo- 
logy and  astronomy  are»  of  ihoinH-lves,  incapalklc  of 
giving  us  any  distinct  and  aatisfaetory  account  nf 
the  origin  of  the  universe,  or  of  its  parta.  We 
need  not  wonder  then,  at  any  particular  instance  of, 
this  incapacity;  as,  for  ex;inipla  tlial  of  whiHi  »^ 
have  been  apeaking.  the  iinfiossihility  of  nrcouiitli); 
by  any  natural  muanji  i^^r  the  production  of  all  tht 
«tf(!(nssivi^  trilws  of  plants  and  animaJfi  whic:}i  liave 
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peopled  the  worlJ  in  the  various  stages  of  its  pro- 
gross,  as  geology  tortdiGS  us.  That  they  were,  lilti- 
our  own  animal  and  vegetable  eontcmporarjes,  pro- 
foundly aflnptcd  to  the  conditton  in  which  they 
were  placed,  we  have  ample  reason  to  believe;  but 
Hbeti  we  inquire  whence  they  came  into  this  our 
irorld,  geology  is  silent.  The  mystery  of  creation  is 
not  within  the  range  of  her  legitimato  territory;  she 
says  nothing,  but  she  points  upwards. 

SecL  6. — T//e  llyj^othesi^  of  the  regiUm'  Creation 
and  Ej:tmctif>ri  nf  Spumes, 

1.  Creation  <if  Spedes. — We  have  already  seen 
how  untenable,  as  a  physiological  doctrine,  is  the 
principle  of  the  tratistnutjib ill ty  iitid  progressive 
tendency  of  species;  and  therefore,  when  we  come 
to  apply  to  theoretical  geolo^^  the  principles  of  the 
present  chapter,  thiw  portioi!  of  the  subject  will 
easily  be  disposed  of.  I  hardly  know  whether  1  can 
state  that  there  is  any  other  principle  which  ha^ 
been  a]'plied  to  the  solution  of  the  geological  pro- 
blem, and  which,  therefore,  as  a  general  truth, 
ought  to  be  considered  here.  Mr.  I-yell,  indeed,  has 
spoken"  of  an  hypothesis  that  "the  successive  crea- 
tion of  *;peci*3S  may  constitute  a  regular  part  of  tlie 
economy  of  nature:"  hut  he  has  nowhere,  1  think, 
so  described  this  process  as  to  make  it  appear  \\\ 
what  rlepartment  of  science  we  are  to  place  thft 
"  B.  iii'  c,  id.  p.  234. 


tln'V   su(lil<'iilv   i^UivX    t'n 
crt'iiliuii  of  tlic  jioL't  f 


LiinlH^l  ainl  fuU-grnwn:  * 
Ab  fnmi  Ilia  bit,  tin.'  wil 
In  ftiTvst  wild,  in  thii'ki't^  I 
Thr  ijTiijiav  lIckIs  now  cal* 
llio  tawny  lion,  j^iwinj;  t 
His  liiiuiiT  ^>arb4 ;  IIil'ii  ^]i. 
And  rampant  sliakr^  Km  h 

Some  selection  of  oni 
hypothesis,  rather  than  tl 
for  the  soloctioiv  is  rLNjuisit 
among  the  kjiown  causes 
chapter  we  are  considcrin; 
that  a  creation  of  sjKJcies  1 
once  or  many  times,  so  In 
with  our  organical  science 
Theoloffv  mfh.^1-  *»-■"    "  "" 


ORGANIC  GEOLOGICAL  DYNAMrCS, 


641 


sition^  had  sitiee  Lecoine  extmi^t,  suggested  as  a 
possible  cause  for  this  occurrence,  that  the  vital 
eoergies  of  a  spedes,  like  that  of  an  iDdlvidual. 
mi^ht  gradually  decay  la  the  progress  of  time  and 
of  generations,  til(  at  last  the  prolific  power  might 
fail,  and  the  species  wither  away.  Such  a  property 
would  be  oonceivable  as  a  phj-siological  fact;  for  we 
see  something;  of  the  kind  in  fi-uit^treea  propagated 
by  cuttings  t  after  some  time,  the  stock  ajipears  to 
wear  out,  and  loses  its  pccidiar  qualities.  But  we 
have  no  sufficient  evidence  that  this  is  the  case  in 
generaltons  of  creatures  continued  by  the  repro- 
ductife  powers.  Mr.  Lyell  conceives,  that,  without 
admitting  any  inherent  constitutional  tendency  to 
deteriorate,  the  misfortunes  to  which  plants  and 
animals  are  exposed  by  the  change  of  the  physical 
circumstances  of  the  earth,  by  the  alteration  of 
land  and  water,  and  by  the  changes  of  climate, 
must  very  frequently  occasion  the  loss  of  several 
epeeies.  We  have  historical  evidence  of  the  extinc- 
tion of  one  conspicuous  species,  the  Dodo,  a  bird  of 
iarge  size  and  singular  form,  which  inhabited  the  Isle 
of  France  when  that  island  was  first  discovered,  and 
which  now  no  lonj^er  exists,  Several  other  species 
of  animals  and  plants  si?em  to  be  in  the  course  of 
vanishing  from  the  face  of  the  earth,  even  under 
QMV  own  observation.  And  taking  into  account  !lic 
greater  changes  of  the  surface  of  the  globe  which 
geology  compels  U8  to  assume,  we  may  imagine 
many  or  all  the  existing  species  of  living  things 
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the  reniwnder,  or  those  of 
rcr|uisitc  faculties  of  migra 
to  seek  an  asjKim  near  t 
suppose  the  temperature  ol 
thcr  reduced*  this  zone  of 
no  further  place  of  refug 
whole  earth  will  he  tenan 
creation.     Other  causes  m 
etlect  as  a  c1iang:e  of  clinal 
posing  such  e^iuscs  to  affoc 
easy  to  imagine  circunistai 
tirely  disturb  the  equilibriu 
diffusion  of  different  species 
^ive  to  some  the  opportuni 
fjuprinj;  the  domain  of  othi 
nieana  of  entirely  supprossi 
ing  themselves  m  their  plaj: 
That  tills  extirpation  oi 
M  we  have  g^"   ' ""  '" 
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amount  of  change  which  we  suppose  in  tho  phy- 
sical conditions  of  the  earth.  It  must  bo  a  task  of 
extreme  difficulty  to  estimate  the  etfect  upon  the 
organic  world,  even  if  the  physical  circumstances 
were  given.  To  rletermlne  the  physical  condition  to 
which  a  given  state  of  the  earth  would  give  rise,  I 
have  already  noted  as  another  very  difficult  pro- 
blem. Yet  these  two  problems  must  l>e  solved,  in 
order  to  enable  ua  to  judge  of  the  suitieioncy  of  any 
hypothesis  cf  the  extinction  of  species ;  and  in  the 
mean  time»  for  the  mode  in  which  new  species  come 
into  the  places  of  those  which  are  extinguished,  we 
have  (as  wr  have  seen)  no  hypothesis  which  physio- 
logy can,  for  a  moment,  sanction, 

Sset^  7.— The  Iniheddinij  of  Ojv/ftwfc  Remains. 

TliEHE  is  still  one  portion  of  the  Dynamics  of  Geo- 
logy, a  branch  of  great  and  manifest  importance, 
which  T  have  to  notice,  but  upon  which  I  need  only 
speak  very  bricrty.  The  mode  in  whieh  the  spoils 
of  existing  plants  and  animals  are  imbedded  in  the 
deposits  now  forming,  is  a  subject  which  has  natu- 
rally attracted  tlie  attention  of  geologists.  During 
the  controversy  which  took  place  in  Italy  respect- 
ing the  fossils  of  the  Sub-Apcnnine  hills,  Vitafiano 
Donati",  in  1750,  undertook  an  examination  of  the 
Adriatic^  and  found  that  depofiils  containing  shells 
and  corals,  extremely  rcscmbhug  tlie  strata  of  the 
kills,  were  there  in  the  act  of  formation.  But  with- 
"  Lydl,  K  i,  ^.  m.  p,  e7>  <4ih  td ) 
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out  dwelling:  on  other  observations  of  like  kincL  I 
may  slate  that  Mr,  Lyell  has  treated  tliis  subject, 
arit  all  the  topics  coaoected  witli  it.  In  a  vi^ry  full 
and  satisfactory  inaoner.  He  hits  explaiDed'^  by 
an  triiconcnt  collection  of  illustrative  facts,  how  de- 
posits of  various  substam^e  and  contents  are  formed; 
how  plants  aTid  animals  become  fossil  in  peat,  in 
blown  sand*  iii  volcanic  matter,  in  allu\-ial  soil,  in 
caves,  and  in  the  beds  of  lakes  and  seas.  This 
exposition  is  of  the  most  instructive  character,  aa  a 
means  of  olitaining  ri^ht  conclusions  conceroin^  the 
causes  of  ^ological  phenomcua.  Indeed,  in  maojr 
cases,  the  similarity  of  past  etfects  with  opcrationn 
BOW  ^ing  on,  is  so  complete,  that  they  may  lu* 
coDsidf^rc^d  as  identical;  and  the  discusaioo  of  such 
cases  belongs,  at  the  same  time,  to  Geological  Dyta- 
mics  and  to  I'hysical  Geology;  just  as  the  probteoj 
of  the  fall  of  meteorolites  may  be  consiik-ri'd  a« 
belonging  dike  to  mechanics  and  to  physical  astro- 
nomy. The  growth  of  modern  peat-mosses,  for 
example,  fiilly  explains  the  formation  of  the  mo»l 
ancient ;  objects  are  buried  in  the  same  mannrr  in 
the  ejections  of  active  and  of  extinct  volcanoes; 
within  the  limits  of  history,  many  estuaries  haTu 
been  filled  up;  and  in  the  deposits  which  liare 
occupied  these  places,  are  strata  coutalniu^  ebelU", 
as  in  the  older  formations, 

■*  Lyi'II,  IL  ill  r.  xi^ii,  p.  G^tt!.  Sw  a\so  Us  Addnn  lu  llu 
Oiialopcal  Siii:irty  in  1S37,  for  au  ncwimt  of  ihr.  RnK^rrlir^  of 
Mr.  Stakes  nuil  (if  Pnrfb)«*i<jr  GJ)pj>cit<  on  tlw  lftpic[ifl<'ftlmii  of 
vi^lfTtahlrt.  I 
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CHAPTER  vn. 

Phogreb*^  of  PrrvsicAL  Geology, 


Sef^*  1- — Object  and  Dhtinctiom  qf  Physical 
Gevtoijy. 

BEING.  ID  consequence  of  the  steps  which  we 
havG  attempted  to  describe,  in  possession  of 
two  sciences,  one  of  which  trEiccs  the  Uwk  of  action 
of  known  causes,  and  the  other  fiescribes  the  phe- 
nomena which  the  earth's  surface  presents,  we  are 
now  prepared  to  examine  how  far  the  attempts  to 
Tcfcr  the  facts  to  their  causes  have  buen  successful : 
we  are  rcadv  to  enter  upon  the  consideration  of 
Theoretical  or  Piufncal  Geology,  as»  hy  analogy 
with  Physical  Astronomy,  we  may  term  this  branch 
of  speculation. 

The  distinction  of  this  from  other  portions  of 
our  knowledge  is  sufficiently  evident.  In  former 
times,  p^eology  was  always  associated  with  mineral- 
ogy, and  sometimes  confounded  with  it;  htit  the 
mistake  of  such  an  arran^ment  must  be  clear, 
irom  what  has  been  said.  Geology  is  connected 
with  mineralogy,  only  so  far  as  the  latter  science 
classifies  a  large  portion  of  the  objects  which  geo- 
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logy  cm|*l()ys  as  pvHlfsnPO  nf  ils  slatomrrnts.  T'> 
confound  tbc  two  is  the  saracJerrour  as  it  would  be 
to  treat  philosophical  history  ai»  identical  with  th« 
kno\i  ledge  of  medals,  Geolo^  procures  evidence 
of  her  coaclusiunB  whcrovoreht*  cau^  from  minerats 
or  from  seas;  from  inorgunic  or  from  organic  tiodios; 
from  thf?  ground  or  from  the  skies.  The  geologist's 
business  is  to  learn  the  past  history  of  the  earth; 
and  he  is  no  more  limited  to  ooe  or  a  few  kinds  of 
documents,  as  his  sources  of  information,  than  is  the 
historian  of  man,  in  the  execution  of  a  similar  task 

Physical  Geology,  of  which  I  now  speak,  may 
not  be  always  easily  sejiarable  from  Descriptivr 
Geology:  in  fact,  they  have  generally  been  foin> 
hin^rd,  for  few  have  been  content  to  describe,  with- 
out attempting  in  some  measure  to  explain.  Indeed. 
if  they  had  done  so,  it  is  probable  that  their  lahoim 
would  have  been  far  less  aealous,  and  their  expo- 
sitions lar  leas  impressive.  We  hy  no  means  regret* 
therefore,  the  mixture  of  these  two  kinds  of  knoir* 
ledge,  which  has  so  often  occurred;  but  stilL  it  U 
our  business  to  separate  tliem.  The  works  of  astrcK 
nomtrrs  before  the  rise  of  sound  jihysical  astruitomy, 
were  full  of  theories,  but  these  were  advantageous 
rot  prejudicial,  to  the  progress  of  the  science. 

G<!ologlcal  theories  have  been  abundant  and 
various ;  hut  yet  our  history  of  thrm  must  be  brwf 
For  our  ofjjeut  is,  as  must  be  borne  in  mind,  lo 
exhibit  these,  only  so  far  a^  they  are  fltep*  ducoW^ 
ably  ten<Iing  to  the  true  theory  of  the  earth  :  and  m 
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mo^  of  them  we  do  not  trace  this  character,  & 
rather,  the  portions  of  the  labours  of  genlo^sts 
whtcli  do  merit  this  praise,  kieloog  to  the  two  pre- 
ceding dirisioiB  of  the  subjeiH,  and  have  been  treated 
of  there. 

The  historr  of  Physical  Geolc^,  considered  as 
the  advance  towards  a  science  as  real  and  stable  as 
those  which  we  have  already  treated  of  (and  this  is 
the  form  in  which  we  ought  to  trace  it),  hitherto 
consists  of  few  ste|«.  We  hardly  know  whether 
the  progress  is  begun.  The  history  of  Physical 
Astronomy  almost  commences  with  Newton,  and 
few  persons  will  venture  to  assert  that  the  Newton 
of  Geology  has  yet  appeared. 

«Stil],  seme  evamination  of  the  attempts  which 
have  been  made  is  requisite,  in  order  to  esplain 
andjustily  the  *"iew  which  the  analogy  of  scientific 
history  leads  ua  to  take,  of  the  state  of  the  subject 
Though  far  from  intending  to  give  even  a  sketch  of 
all  past  geological  speculations,  !  must  notice  some 
cf  the  forms  such  speculations  have  at  different 
times  assumed. 


Sect,  2. — 0/  Fanciful  Geolofficai  Opiniong^ 

Real  and  permanent  geological  knowledge,  like  all 
other  physical  Ithowledge,  can  be  obtained  only  by 
inductions  of  classification  and  law  from  many 
clearly  seen  phenomena.  The  lubour  of  the  most 
active,  the  talent  of  the  most  intelligent,  arc  re* 


and  airly  jwctn  of  nation 
of  maa's  love  of  the  wonde 
powers,  in  earlj  st^^s  of  L 
Hic  i^icutilic  faculty',  ou  t 
cially  that  part  of  it  wh 
iuduction  of  laws  from  fa 
with  difficulty  from  the  cro 
ovi'ii  under  the  most  fu.vuurJ 
have  seen  that  in  the  anci 
alone  fihowed  themselves  to 
what  they  thus  attained  t( 
lew  sound  doctrines  in  astn 
estremely   imperfect  truths 
and  nmsic,  which  their  sue 
retain,     h'o  other  nation,  til 
of  a  better  day  in  modem 
siCive   step   at   all    in  soum 
Empty  dreams  or  useless  e, 
formed  the   whole  of  their 
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goneral  fruths.  such  as  tho  philosophers  of  modem 
timos  bave  only  satisfietl  themselves  of  by  bng  and 
patient  labour  ami  thought.  If  rpsonililanccs  bhoubl 
be  discovered  between  the  assertiors  of  aneieot 
writers  and  the  discoveries  of  modem  science,  the 
probability  in  ail  eases,  the  certainty  hi  most,  is, 
that  these  are  accidental  coincidences;- — that  the 
ancient  opinion  is  no  anticipatfon  of  the  modern 
tiiacovery,  but  is  nno  guess  among  many,  not  a  whit 
the  more  valuable  because  its  expression  agrees 
with  a  truth.  The  author  of  the  guess  could  not 
intend  the  truth,  because  his  mind  was  not  pre- 
jmred  to  comprehend  it,  Thoae  of  the  ancients  who 
spoke  of  the  hinijioTiy  which  hinds  all  things  to- 
gether, could  not  mean  the  Newtonian  gravitatior. 
because  they  had  never  been  led  to  conceive  an 
attractive  force,  governed  by  definite  raatheiuaticnl 
laws  in  its  quantity  and  operation, 

lu  afiTcement  with  these  views,  we  must^  I  con- 
ceive, estimate  the  opinions  which  we  find  among 
the  ancients,  respecting  the  changes  wliit^h  the 
earth's  surface  has  undergone.  These  opinions, 
when  they  are  at  all  of  a  general  kind,  are  arbitrary 
lietioTis  of  the  fancy,  showing  mans  love  of  gene- 
rality iiidee^'l,  but  indulging  it  without  that  expense 
of  labour  and  thought  which  alone  can  render  it 
legitimate. 

We  might,  therefore^  pass  by  all  the  traditions 
and  speculations  of  Oriental,  Egyptian,  and  Greek 
cosmogony,  as   extraneous  to   our   subject.      But 
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eince  these  bave  recently  l>een  spoken  of,  as  eoav 
elusions  collected,  however  vaguelj\  from  obserrd 
facts',  we  may  mal^r  a  remark  or  two  upon  tJiem. 

The  notion  of  a  series  cF  creations  and  destme- 
lions  of  worlds  which  appears  in  the  saered  volume 
of  the  Hindoos,  which  formed  jrart  of  thi'  tradi* 
tionary  lore  of  Egyjjt,  and  \\'hich  wafl  atterwaKk 
adopted  into  the  poetrj  and  philo^iophy  of  Gr<!€ce, 
must  be  con^dered  as  a  mythological,  not  a  ptiy* 
sicai,  doctrine.  When  this  doctrine  was  dwelt  upon, 
men's  thoughts  were  directed,  not  to  the  Icrrefitriji! 
lartp  which  it  seemed  to  explain,  hut  to  the  at- 
tributes of  the  deities  which  it  illustrated,  Tbe 
conception  of  a  Supreme  powcr»  impelling  and  gild- 
ing the  progress  of  cyents,  which  is  permanent 
anMnig  all  porpctaal  chanj^,  and  rcgiilar  among  all 
secnung  chance,  was  readily  entertained  by  contem- 
plative and  enthusiastic  minds;  and  when  natural 
pfierioniena  were  referred  to  this  doctrine^  it  wws 
rather  for  the  purpose  of  fastening  its  impres^reueff 
upon  the  senses,  than  in  the  way  of  girtD^  to  it 
authority  and  support.  Hence  we  perceive  that  m 
the  exposition  of  this  doctrine,  an  attempt  was 
always  made  to  fill  and  elevate  the  mind  with  the 
notions  of  marvellous  events,  and  of  infinite  times, 
in  which  vast  cycles  of  order  r4?eurred.  The  **groat 
year,"  in  which  all  celestial  pbctkomena  eoni^  round; 
offered  itsnif  ft£  capable  of  being  ealenlatJ>d  ;  and  a 
similar  gi^eat  year  was  readily  assumed  for  KTtc^ 
'  LpH,  B,  i^c.  ii,  p.a  (4th  od) 
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trial  and  human  evente.     Hence  there  wctc  to  be 
brougltt  round  by  great  cjclcs,  not  only  deluges 
and  conilagTatlons  which  were  to  destroy  and  reno- 
vate the  earth,  but  also  the  series  of  historical 
occurrences.     Not  only  the  sea  and  land  were  to 
recommence  their  alternations,  but  there  was  to  be 
another  Argo,  which  should  carry  warriors  on  the 
tirst  fiea-fora^',  and  another  succession  of  heroic 
wars.     Looking  at  tho  passages  of  ancirnt  autbors 
which  refer  to  terrestrial  changes  in  this  view,  we 
fihall  see  that  they  are  addressed  almost  entirely 
to  the  love  of  the  m^trvcllous  and  the  ioiinite,  and 
cannot  with  pro|triGty  be  taken  as  Indications  of  a 
spirit  of  physical  pblloHophy,     For  cKatEiple,  if  we 
turn  to  the  celebrated  passage  in  Ovid\  where 
Pythagoras   is  represented  as  asserting  that  land 
becomes  sea,  and  sea  land,  and  many  other  changes 
which  geologists  have  verified,  we  find  that  these 
observations  are  associated  with    many  fables*  as 
bein^  matlcr  of  exactly  the  same  kind  ; — the  foun- 
tain of  ATUiuun  whicli  was  cold  by  day  and  wnnn 
by  night*; — the  waters  of  Salmacis  which  effemi- 
nate men ; — the  Clilorian  spring  which  makes  tiiem 
loathe  wine; — the  Simplegades  islands  whieli  were 
once  moveable; — the  Tritonian  laki-  which  covered 
men's  bodies    with   feathers: — and  many   similar 
marvels.     And  the  jreneral  purport  of  the  whole  is, 
to  countenance  the  doctrine  of  the  luetom psych o^s, 

■  Vifj?.  EcJoff.4.  '  MH-Ub.  xr.  '  V,  309,  Ac. 
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and    the    Pythagorean    injuDCtion    of   not    bating 

animal  food.  It  is  clear,  I  think,  that  tacts  so  intro- 
duced must  be  considered  as  having  been  contem- 
plated rather  in  the  spirit  of  poetry  than  of  science. 

We  must  estimate  in  the  same  manner,  the  veiy 
renmrkahlo  passage  brouglit  to  light  hy  M.  Elio  de 
Bcamnont\  from  the  Arabian  writer,  Kazwiri;  in 
which  we  have  a  representation  of  the  same  spot 
of  ^oimd,  as  being,  at  successive  intervals  of  five 
hundred  years,  a  city,  a  tsea,  a  desert,  and  again  a 
city.  This  invention  is  adduced,  I  conceive,  rather 
to  feed  the  appetite  of  wonder,  than  to  fix  it  upon 
any  reality  ;  as  tlio  title  of  his  book,  The  Marreh 
^ Natui-t*,  obvioufily  intimates. 

Tilt:  spoeulations  oP  Aristotle,  concerning  the 
exchanges  of  land  and  sea  which  take  place  Id  long 
periods,  are  not  formed  in  esaclly  the  same  spirit. 
hut  they  are  hardly  moro  sub^taotial ;  and  seem  to 
be  quite  as  arbitrary,  since  they  ore  not  coniirmed 
bv  any  examples  and  proofs.  After  stating*  that 
the  same  spots  of  the  earth  are  not  always  land  and 
always  wattT,  he  gives  the  reason.  "  The  prjneiple 
and  cause  of  this  is,"  he  says,  **  that  the  inner  parts 
of  the  earth,  like  the  bodies  of  plants  and  animaK 
have  their  ages  of  vigour  and  of  decline;  but  in 
plants  and  animals  all  the  parts  are  in  vigour,  and 
all  grow  old,  at  once:  in  the  earth  different  parts 
arrive  at  maturity  at  different  times  by  the  operatioD 

'  Ann.  dtE  Sc.  Nal.  xxv.  380,  '  Metearot.  i.  U. 
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of  cold  and  heat :  they  grow  and  decay  on  account 
of  the  sun  and  thn  revohttton  of  the  st.irs.  and  thuH 
the  parts  of  the  earth  ae(.\uire  diftorent  po^'er,  so 
that  for  a  certain  time  they  remain  moist,  aud  then 
become  dry  and  old;  and  then  other  places  are 
I  revivified,  and  become  |)iirti;illy  watt^ry."  We  are»  I 
conceive,  doing  no  injustice  to  audi  speculations  by 
classing  ihem  sjaotig/Qiici/n/  geological  opinions. 

We  must  also,  I  conceive,  range  in  the  same 
division  another  class  of  writers  of  nmch  more 
modern  times; — I  mean  those  who  have  framed 
their  geology  by  interpretations  of  Scripture,  I 
have  already  endeavoured  to  show  that  such  an 
attempt  is  a  penersion  of  the  purpose  of  a  divine 
communication,  and  cannot  h;ad  to  any  physical 
truth.  1  do  not  here  speak  of  geological  specula- 
tions in  which  the  Mosaic  account  of  the  deln^^e  has 
beeu  referred  to;  for  whatever  errours  may  have 
been  committed  on  that  subject,  it  would  be  as 
absurd  to  disregard  the  most  aneient  liistorical 
record,  in  attempting  to  trace  back  the  history  of 
the  earth,  as  it  would  be,  gratuitously  to  reject  any 
other  source  of  information.  But  the  interpreta- 
tions of  the  account  of  the  creation  have  gone 
further  beyond  the  limits  of  sound  philosophy;  and 
when  we  look  at  the  arbitrary  and  fantastical  inven- 
tions by  which  a  few  phrases  of  the  writings  of 
Moses  have  been  moulded  into  comj)iete  systems^ 
we  cannot  doubt  that  these  interpretations  belong 
■to  the  present  Section. 
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1  shall  not  attempt  to  criticize,  nor  even  to 
enumerate,  tliese  Scriptural  Geolo^es, — Soared 
Theories  oftke  Earth,  aa  Burnet  termed  his»  Ray^ 
"Woodward,  Whiston,  and  many  other  persons  to 
whom  science  lias  conHidernble  obli^tiona,  were  in- 
volved, by  the  speculative  habits  of  their  times,  in 
these  eEsa}'s;  anct  they  have  been  resumed  by  per- 
sons or  considerable  talent  and  some  knowledge,  on 
various  occasions  up  to  the  present  day;  but  the 
more  geology  has  been  studied  on  its  own  proper 
evidence,  the  more  have  geologists  seen  iho  un- 
profitable character  of  siich  labours, 

I  proceed  now  to  the  next  step  in  the  progress 
of  Theoretical  Geology. 


Sect.  3. — Of  Praviatttri'  Geof^^ical  Theirriet*. 


WiULE  WG  were  giving  our  account  of  Descriptive 

Geology,  the  attentive  reader  \^onld  perceive  thst 
we  did,  in  fact,  state  several  steps  in  the  advance 
towards  general  knowledge ;  but  when,  in  those 
casps,  the  theoretical  aspect  of  such  discoveries 
softened  into  an  appearance  of  mere  elassificatioa 
the  occurrence  was  assigned  to  the  history  of  De- 
scriptive rather  than  of  Theoretical  Geologj\  Of 
such  a  kind  wa^  the  establishment,  by  a  long  and 
vehement  controversy,  of  the  fact,  that  the  impres- 
sions In  rocks  are  really  the  traces  of  ancient  living 
things:  such,  again,  wore  the  division  of  rocks  into 
Primitive,  Secondaiy%  Tertiary;  the  ascertainment  of 
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the  ordorly  succession  of  organui  rcmidns;  the  con- 

t^qnent  fixatkni  ofastaB^nnl  series  of  formafiocs 
and  strata;  tho  c^^tabLislinient  of  the  igneous  nature 
of  trap  rocks;  and  the  like.  These  are  geological 
truths  H'Lieb  are  assumed  and  implied  in  the  very 
language  which  ^ology  iises;  thus  showing  how  in 
this,  as  in  atl  other  sciences,  the  succeeding  steps 
involve  the  preceding     But  in  the  history  of  geo- 

•  logical  theory,  we  havi?  to  eonsidcr  the  wider  at- 
tempts to  comhino  the  facts,  and  to  assign  them  to 
their  causes. 
^B      The  close  of  the  la^t  century  prt^duceil  two  an- 
Htagonist  theories  of  this  kind,  which  long  maintained 
Ha  fierce  and  doubtful  struggle; — that  of  Werner 
and  that  of  Ilutton:  the  one  termed  Neptunian^ 
from  its  afieribing  the  phenomena  of  the  earth's  sur- 
fece  mainly  to  aqueons  agency;  the  other  Plutonian 

IQT  Vukonian.  because  it  employed  tho  force  of 
subterraneous  fire  as  its  principal  machiner}^  The 
circumstance  which  is  most  worthy  of  notice  in  these 
remarkable  essays  is,  the  endeavour  to  give,  by 
means  of  such  materials  as  the  authors  possessed, 
a  couipble  and  nimpln  accouut  of  all  the  facts  of 
the  earth's  history.  The  Sa\on  professor,  proceed- 
ing on  the  examination  of  a  small  district  in  Ger- 
many, maintained  the  existence  of  a  chaotic  fluid, 
from  which  a  series  of  universal  formations  had  been 
precipitated,  the  position  of  the  strata  being  broken 
up  by  the  falling  in  of  subterraneous  cavities,  in  the 
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intenals  between  these  dcpoations.  The  Scotch 
philosojiber,  who  had  observed  in  England  Rnd 
Scotland,  thought  himself  justiBed  in  deolariag  tbat 
the  existing  causes  were  suftieient  to  spread  new 
strata  on  the  hotiom  of  the  ocean,  and  that  ther* 
tbey  are  conr^ohdated,  elevated,  and  fractured  hy 
volcanie  heal,  so  as  to  give  rise  tu  new  (<vnti- 
nents. 

It  will  hardly  he  now  denied  that  ail  that  \% 
to  remain  as  permanent  science  in  eacli  of  these 
systems  must  be  proved  by  the  ex^iniiuatian  of 
many  cases,  and  limited  by  many  ci^nditlons  and 
circirm stances.  Theories  so  wide  and  simple,  were 
consistent  only  with  a  comparatively  scanty  collec- 
tion of  facts,  and  belong  to  the  early  stage  i>f  gci>- 
logieal  knowledge.  Jn  the  pr(»gress  of  the  seiencu, 
the  "theory"  of  each  part  oF  the  earth  most  com* 
out  of  the  examination  of  that  part,  combing 
with  all  that  is  well  established  concerning  all  the 
rest;  and  a  general  thec*ry  must  result  from  thr 
comparison  of  all  such  parltai  theoretical  views. 
Any  attempt  to  snatch  it  before  its  time  must  fail; 
and  therefore  we  may  venture  at  present  to  d^^g- 
nate  general  theories,  like  those  of  Hiitton  aud 
Werner,  as  prfmtitnre. 

This,  indeed,  is  the  sentiment  of  most  of  the 
good  geologists  of  the  present  i3ay>  Thp  time  fc»r 
such  general  system^^,  and  for  the  fierce  wuta  to 
which  the  opposition  of  such  generalities  ^res  rise. 


(Hie  mun  pcHnts  ickIIt  aSecting  the  prc^rcss  of 
sound  ihec^ticaX  geology,  wiU  fiod  a  place  in  one 
of  the  two  next  Sectioos  (ja). 
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CHAPTER  Vin. 
The  Tft-o  Antagoxist  Doctmnes  qf  Geology. 


Sect,  L — Of  the  Doctrine  (^Gedogical  Catastrophes. 

THAT  great  chants,  of  a  kind  and  inlensitj 
quite  diftiprent  from  the  common  course  of 
events,  and  wliich  may  therefore  properly  be  called 
catantrojfftes^  have  taken  place  upon  the  earth**  eut- 
facf^.  was  an  opinion  which  appeared  to  he  forced 
upon  men  by  obvious  facts.  Kcjecting,  aa  a  niere 
play  of  fancy,  the  notions  of  the  destruction  of  the 
earth  by  cataclysms  or  conflagrations,  of  ■which  we 
hare  already  spoken,  we  find  that  the  tirst  really 
scientific  examination  of  the  mat^-riala  of  the  earth, 
that  of  the  Sub-Apennine  hills,  led  men  to  draw 
this  inference,  Leonardo  da  Vinci,  whom  we  have 
already  noticed  for  his  early  and  strennoni^  ns^ertJuii 
of  the  real  marine  origin  of  fossil  impressions  of 
shells,  also  maintained  that  the  bottom  of  the  sea 
had  lieeome  the  top  of  the  mountain;  yet  bis  mode 
of  ejkplauimg  this  may  pcrliaps  be  claimed  hy  the 
modem  advocates  of  uuifi»rm  causes,  as  more  allied 
to  their  opinion,  than  to  the  doctrine  of  catas- 
trophes'.    But  Steno,  in  1009,  approached  nearer 

'  ^^  Horc  IB  a  port  oF  t(io  oorth  nl^Jch  haq  hwcrnie  m«v  ligbl, 
and  wliicT*  nse^  while  tht  opposito  part  ftpprortcbta  nanr  W 
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to  this  doctrine  ;  for  he  asserted  that  Tuscany  must 
have  chaii^^ed  its  face  At  mtorvals,  so  as  to  acquire 
six  different  configurations,  by  the  successive  break- 
ing down  of  the  older  strata  into  inclined  positions, 
and  the  horizontal  deposit  of  new  ones  upon  them. 
Stnibo,  indeed,  at  an  earlier  porioci  had  rraiourse  to 
earthquakes,  to  explain  thu  occurrence  of  shells  in 
mountains;  and  Hooke  puMJshed  the  sanie  opinion 
later.  But  the  Italian  geolo^sts  prosecuted  their 
rcsearelies  under  the  advantage  of  having,  dose  at 
hand.  Jarge  eolleetions  of  conspicuous  and  consistent 
phenomena.  La^^zaro  Moro,  in  1740,  attempted  to 
apply  the  theory  of  earthquakes  to  the  Italian 
strata;  but  both  ho  and  his  ^^xpositor,  Cirillo  Gene- 
reifi,  inclined  rather  to  reduce  the  violence  of  these 
operations  within  the  ordinary  course  of  natUTo*, 
and  thus  leant  to  the  doctrine  of  uniformity,  of 
which  we  iiave  aftt^rwards  to  speak,  Moro  was 
encouraged  in  this  line  of  speculation  by  the  extra- 
ordinary occurrence,  as  it  was  deemed  by  most 
persona,  of  t\u:  rise  of  a  new  volcanic  island  from  a 
deep  part  of  the  Mediterranean,  near  Sjintoriuo,  in 
1707'.  But  in  other  countries,  as  the  geological 
facts  were  studied,  the  doctrine  of  catastrophes 
appeared  to  ;rain  ground-  Thus  in  England,  where, 
through  a  large  part  of  the  country,  the  coal- 
measures  are  extremely  incliaed  and  contorted,  and 

the  center,  ami  wbat  woa  the  bottom  of  iLe  iic-a  i^   Ijepoiin:  tlw 
(op  uf  tl»r  inuuiLiain." — Ytnturi's  Leofiurd  dn  t'lnci. 
'  r.vi^lU  I  3.  p.  CA.  (4th  od.)  ■  IL  p.  GO, 
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covered  over  by  more  horizontal  fragmentary  he^k 
the  opinion  tliat  some  violent  euta^trophe  had  oo- 
curreiito  dislocate  thera,  before  the  superincumbent 
strata  were  deposited,  was  strongly  held.  It  was 
conceived  that  a  period  of  violent  and  destructive 
action  must  have  succeeded  to  one  of  repose;  and 
that,  for  a  time*  some  unusual  and  paroxysmal 
forces  must  have  heen  employed  in  elevating:  and 
breaking  the  pre-existing  strata,  and  wearinij  their 
fragments  into  smooth  pehbles,  before  nature  sub- 
sided into  a  new  age  of  tranquiUity  and  vitality.  In 
like  manner  Guvicr,  from  the  alternations  of  fresh- 
water and  salt-water  species  in  the  strata  of  Paris* 
collected  the  opinion  of  a  series  of  great  revolutions; 
in  which  *'the  thread  tif  inducliou  was  hrukcn." 
Deluc  and  others,  to  whom  we  owe  the  first  steps 
in  geological  dynamics,  attempted  carefully  to  dis- 
tinguish between  causes  now  in  action,  and  tho^^ 
which  have  ceased  to  act;  in  which  latter  class 
they  reckoned  the  causes  which  have  elevated  the 
existing  continents.  This  distinction  was  assented 
to  by  many  succeeding  geologists.  The  forces  i^hich 
have  raised  into  the  clouds  the  vast  chains  of  the 
Pyrenees,  the  Alps,  the  Andes,  must  have  been,  it 
was  deemed,  something  very  different  from  any 
agencies  now  operating. 

This  opinion  was  further  confirmed  by  the  ap- 
pearance of  iL  coTfijiletc  ehangf  in  the  forms  of 
ajiimal  and  vegetable  life,  in  passing  from  one 
formation  to  another.     The  species  of  which  the 
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remains  occurred,  were  entirely  different,  it  was 
wud,  in  two  successive  cpcjchs:  a  new  creation 
a[Ji>eary  to  have  tiik'rvtrncd;  and  it  was  readily 
believed  that  a  transition,  so  entirely  out  of  the 
common  course  of  the  world,  might  be  accompanied 
fay  paroxysms  of  mechanical  enei^y.  Sucli  views 
prevail  extensively  among  geologists  up  to  the  pre- 
sent time:  for  instance,  in  the  comprehensive  theo- 
retical generalizations  of  Elie  de  Beaumont  and 
others,  rt^specting  mountain-ch^ns,  it  is  supposed 
that,  at  certain  vast  intervals,  Systems  of  moun- 
tains, which  may  be  recognized  by  the  parallelism  of 
course  of  their  inclined  beds,  have  been  disturbed 
and  elevated,  lilting  up  with  tl^em  the  aqueous 
strata  whicli  liad  tieen  deposited  among  them  in 
the  intervening  periods  of  trani^uillity,  and  which 
are  recognized  and  identified  by  means  of  their 
organic  remains:  and  acoordiag  to  the  adherents  of 
this  hypothesiii,  the^e  sudden  elevations  of  moun- 
tain-chains have  been  followed,  again  and  again, 
by  mighty  waves,  desolating  whole  regions  of  the 
earth. 

The  peculiar  bearing  of  such  opinions  upon  the 
progress  of  physical  geology  will  be  better  under- 
stood by  attending  to  the  doctnua  of  unif&nniftf, 
which  is  opposed  to  them,  and  with  ihe  considera- 
tion of  which  we  shall  close  our  survey  of  this 
science,  the  last  branch  of  our  present  task. 
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Sect.  2. — Of  the  Doctrine  of  Geclogicfil  Uni/o7'mify, 

The  opinion  that  the  history  of  the  earth  had  m- 
volved  a  geries  of  catastrophes,  coikiirniGd  hy  tho 
two  great  classes  of  facts,  the  syinptonifl  of  oief-ha- 
nical  violence  on  a  very  large  scale,  and  of  com- 
pJctQ  changes  in  the  living  things  by  which  the 
earth  had  been  tenanted,  took  strong  hold  of  tlie 
geologists  of  Eiiglaui.1,  France,  and  Germaoy,  Hut- 
ton,  though  he  denied  that  there  was  evidence  of  a 
beginning  of  the  present  state  of  thin^,  and  refer- 
red many  processes  in  the  formation  of  strata  to 
existing  canscfi,  did  not  assort  that  tlio  elevatory 
forces  which  raise  continents  from  the  bottom  of 
the  ocean,  were  of  the  same  order,  as  well  as  of 
the  Baiue  kind,  with  the  volcanoes  and  earthquakes 
which  DOW  shake  the  surface.  His  doctrine  of  uni- 
formity waa  founded  rather  on  the  supposed  analogy 
of  other  lines  of  speculation,  than  en  the  examina- 
tion of  the  amount  of  changes  now  going  otj.  ^  The 
Author  of  nature,"  it  was  said,  "has  not  permitted 
in  His  works  aay  symptom  of  infancy  or  of  old  age. 
or  any  sign  by  which  we  may  estimate  either  their 
future  or  thoir  pa^t  duration  "  and  the  example  of 
the  planetary  system  was  referred  Ui  in  illustration 
of  this'.  And  a  general  persuasion  that  the  cham- 
pions of  this  theory  were  not  disposed  to  accept 
the  usual  opinions  on  the  subject  of  creation,  was 

*  Lyell,!.  4,F.91. 
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^llowfii  pnrHa.pR  very  unjustly^  to  weigh  strongly 
tigamst  tbcni  in  tlic  pviblic  opinion. 

While  the  rest  of  Europe  had  a  decided  bias 

towards  the  doctrine  of  geological  catastrophes^  llie 

phenomena  of  Italy,  which,  as  we  have  seen,  had 

already  tended  to  soften  the  rigour  of  that  doctrine, 

'in  the  progress  of  apeculation  from  Steno  to  Gene- 

Tolli,  were  destined  to  mitigate  it  still  more,  by 

i-onvertirg  to  the  belief  of  uniformity  transalpine 

geologists  who  had  been  bred  up  iu  the  catastro- 

■phiet  eceed.     This  effect  was,  indeed,  gradaal.     For 

a  time  the  distinetion  of  the  rectiit  and  the  tertiart/ 

period  was  ht'ld  to  he  marked  and  strong.    Brocchi 

asserted  that  a  large  portion  of  the  Suh-Apenulne 

fossil  shells  belonged  to  living  species  of  the  Medi- 

"terrauean  Sea:  but  the  geologists  of  the  lest  of 

Euro[>e  turned  an  incredulous  car  to  this  lia.liau 

tenet;  and  the  persuasion  of  the  distinction  of  the 

tertiary  and  tHe  recent  period  was  deeply  impressed 

most  geologists  by  the  memorable  labours  of 

'ier  and  Brougniart  on  the  Paris  basin.    Still,  as 

other  tertiary  deposits  were  examined,  it  was  found 

that  they  could  by  no  means  be  considered  as  eou- 

temporaueous,   but  that  they  formed   a   chain  of 

posts,  advancing  nearer  and  nearer  to  the  recent 

period.     Above  the  strata  of  the  basins  of  Loudon 

and  Paris',  lie  the  newer  strata  of  Touraine,  of 

Bounleaux,  of  the  valley  of  the  Bormida  and  the 

Superga  near  Turin,  and  of  the  basin  nf  Vienna,  ex- 

*  LypU,  Ut  fld.  vnL  iiL  p.  Bl. 
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ploTed  hy  M.  CoDstant  Prevost,  Newer  and  higher 
still  than  these,  are  tbund  the  Sub-Apennine  forma- 
tians  of  Northern  lta!j\  and  probably'  of  the  Mine 
period,  the  English  ''crag"  of  Norfolk  and  SufTolL, 
And  most  of  these  mojinc  foroiations  are  associated 
with  volcanic  products  and  frcsh-watcr  deposits,  w 
as  to  imply  apparently  a  long  train  of  alternations 
of  corresponding  processes.  It  may  easily  be  iop* 
posed  thai,  when  the  j§nbject  had  assumed  this  fonn. 
the  boundary  of  the  present  and  pa^t  condition  of 
the  earth  was  in  some  measure  obscured.  But  it 
was  not  long  before  n  very  able  attempt  was  made 
to  obliterate  it  altogctlK-r.  Iti  1m28,  Mr.  J.yell  srt 
out  on  a  geological  tour  through  France  and  ]talJ^^ 
He  had  already  conceived  the  idea  of  classing  the 
tertiary  groups  by  reference  to  the  number  rf 
recent  species  which  were  found  in  a  foeal  stale. 
But  as  he  passed  trotn  the  north  to  the  south  of 
Italy,  he  found,  hy  communication  with  the  beit 
fossil  conchologjsts  Borelli  at  Turin,  Guidotti  at 
Parma.  Costa  at  Naples,  that  the  number  of  extind 
species  decreased ;  so  that  the  last-mentioned  iifttu- 
ralist,  from  an  examination  of  the  fossil  sbelU  of 
Otranto  and  Calabria,  and  of  the  neighbouring  seu^ 
was  of  opinion  that  few  of  the  tertiary  shells  were 
of  esttinct  species.  To  complete  the  series  of  proo( 
Mr  Ljell  himself  explored  the  strata  of  Iscbia.  and 
foimd,  2tKK»  feet  above  the  level  of  the  sea,  shcUs, 
which  were  all  pronounced  to  be  of  speoie»  now 

*  JttwJ.  vol.  liLPraT. 
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inhabiting;  the  Mediterranean;  and  soon  after,  he 
made  oolleetions  of  a.  BJinilar  description  on  the 
flanks  of  Etna,  in  the  Val  di  Noto,  and  in  other 
places. 

The  impression  produced  by  these  researches  is 
describefl  b>  himself.  "In  the  course  of  my  tour 
I  bud  been  frequently  led  to  reflect  on  the  precept 
of  Descartes,  that  a  philosopher  should  once  in  his 
life  doubt  every  thing  he  had  been  taught;  but  I 
still  retained  so  much  faith  in  my  early  geologicu.1 
creed  as  to  feel  the  most  lively  surprize  on  yisiting 
Sortino,  Pentalica,  Syracuse,  and  other  parts  of  the 
Val  di  Noto»  at  beholding  a  limestone  of  enormous 
thickness,  filled  with  recent  shellB.  or  sometimes 
with  more  casts  of  shells,  resting  on  marl  in  which 
shells  of  Mediterranean  species  were  imbedded  in 
a  high  state  of  prescn-ation.  All  idea  of  [neces- 
sarily] attaching  a  high  antiquity  to  a  regularly- 
atratlHed  limestone,  in  which  the  casts  and  impres- 
sions of  shells  alone  were  visible,  vanished  at  onoe 
from  my  mind.  At  the  same  time,  I  was  struck 
with  the  identity  of  the  associated  igneous  rocks  of 
the  Val  di  Noto  with  well-known  varieties  of  *  trap' 
in  Scotland  and  other  parts  of  Europe;  varieties 
which  I  had  also  seen  entering  largely  into  the 
stnieture  of  Etna. 

"  I  occasionally  amused  myself,"  Mr.  Lyell  adds, 
*'with  speculating  on  the  different  rate  of  progress 
which  geology  might  have  made,  had  it  been  first 
'  Lydl,  Irted.  Pnlx. 
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cultivated  with  success  at  Catania,  where  tbe  plie- 
nomena  above  alluded  to.  and  the  p^at  ele\-ation 
of  tho  modem  tertiary  beds  in  the  Val  di  Note,  and 
tbe  chanReB  produced  in  tbo  historical  era  by  Ibe 
Calabriau  earthquakes*  would  have  been  fiimlllarty 
known." 

Before  Mr.  Lyell  entered  upon  his  journey,  he 
bad  put  in  the  hands  of  tbe  priutcr  the  first  volume 
of  his  "Principles  of  Geology,  being  an  attempt  to 
explain  the  former  Cliauges  of  the  Earth's  Surface 
''^  Te/erencs  to  Causes  now  iu  Ojn^mtionJ*  And 
afler  viewing  such  phenomena  as  we  have  spoken 
of,  he,  no  doubt,  judged  that  the  doctrine  of  catas- 
trophes of  a  kind  entirely  different  from  the  existing 
course  of  events,  wonhl  never  have  been  gonorallT  re- 
ceived, if  geologists  had  at  first  formed  their  opmioiu 
upon  the  Sicilian  strata.  The  boundary  separating 
the  present  from  tho  anterior  state  of  things  crum- 
bled away:  the  difference  of  fossil  and  rt^eeot  spe- 
cies had  disappeared,  and,  at  the  same  timo,  the 
changes  of  position  which  marme  strata  bad  under- 
gone, although  not  inferior  to  those  of  earlier  geo- 
logical periods,  might  be  ascribed,  it  was  thought, 
to  the  same  kind  of  earthquakes  as  those  whieh 
still  agitate  that  region.  Both  tbe  supposed  proois 
of  catastrophic  transition,  the  organical  and  tbo 
mechanical  changes,  failed  at  the  same  time;  the 
one  by  the  removal  of  the  fact,  the  other  by  the 
exhibition  of  the  cause.  TUv.  |MJwers  of  earth<iuake^ 
even  such  as  they  new  exist,  were,  it  was  supposed. 
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if  allowed  to  operate  for  an  illimitaMiT  timp,  iide- 
quatt!  to  proUucu  all  the  niecliauical  effccta  which 
the  strata  of  all  ages  display.  And  it  was  declared 
that  all  evideocQ  of  a  begionin^  of  the  present  ^ate 
cf  the  earth,  or  of  any  material  alteration  in  the 
enei^7  of  the  forces  by  which  it  has  been  modified 
at  various  epochs,  was  entirely  wanting. 

Other  circumstances  in  the  progress  of  geology 
tended  the  eamo  way.  Thus,  in  cases  where  there 
had  appeared  in  one  country  a  sudden  and  violent 
transition  from  one  stratum  to  the  next,  it  was 
found,  t};at  by  tracing  the  formations  into  other 
countrici^  the  chasm  between  them  wae  filled  up  by 
intennediiLte  stratn;  so  that  the  passage  became  as 
gnulual  aud  gentle  a^  any  other  utcp  in  the  series. 
For  example,  thouifh  the  congloraerates,  which  in 
some  parts  of  England  overlie  the  coal-measures, 
api>car  to  have  been  produced  by  a  complete  dia- 
contiuuity  in  the  series  of  chatigcs ;  yet  in  the  coal- 
fields of  Yorkshire,  Durham,  and  Cumberland,  the 
ition  is  smoothed  down  In  such  a  way  that  the 
formations  pass  into  each  other.  A  similar 
is  observed  in  Central  Germany,  and  in 
Thuringia  is  so  complete,  that  the  coal-measures 
have  sometimes  been  considered  as  subordinate  to 
the  t^Uhgend£8^. 

U[»on  such  evidence  iind  such  ar^ments,  the 
doctrine  of  catastrophes  was  rejected  with  aomo 
contempt  and  ridicule ;  and  it  was  maintained,  that 

'  Da  U  Bwlia.  p,  414,  Manutd, 
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the  operation  of  tho  causes  of  g(>al(>gi«il  cht 
may  properly  and  philosophically  be  held  to  hat* 
ht^u  xinifumi  through  all  ages  and  periods  On 
thia  opiuiori,  juid  the  grounds  on  which  it  has  been 
\irged,  we  shall  make  a  few  c^oncluding  remarks.      ■ 

It  must  he  granted  at  once,  to  the  advocat<»  of™ 
this  i^eulog^cal  uniiomilty,  that  we  arc  not  arbitri- 
T\\y  to  assume  the  e\istence  of  catastrophes.     Hw 
degree  of  uniformity  and  continuity  with  which  Icr- 
remotive  forces  have  acted,  must  be  collected,  not 
froni  any  pratuitous  hypotheeie.  but  from  the  tacU 
of  the  case.     We  must  suppose  the  causes  w^htch 
have  produced  geological  phenomena^  to  have  been 
a»  similar  to  existing  eauaea,  and  as  dissimilar,  ts  j 
the  ei!ects  teach  us.    We  are  to  avoid  all  bias  in  I 
favour  of  powers  deriating  in  kind  and  de^oe  from 
tliose  which  act  at  present;  a  bias  which,  Mr,  Lvell 
asserts,  has  extensively  prevailed  among  geoIoiri^£.  M 

But  when  Mr-  Lyell  goes  further,  and  considers  ^ 
it  a  mt*rit  in  a  coiirse  of  geological  ^pecuJatinti  that 
H  Tfjecff  any  ihHereTice  between  the  intenfflty  of 
existing  and  of  pa^t  causea*  we  conceive  that  be 
errs  no  less  than  those  whom  he  censures,  "An 
eajttest  onif  patient  cudeaTmir  to  reconcHe'  tlia 
former  indications  of  chaugc^"  with  njijf  restrict^ 
ela.^s  of  causes. — a  habit  uhifh  lie  enjoins, — is  aot 
we  may  surest,  the  temper  in  which  acienee  ouf^ 
to  be  pttrsued.  The  eticcts  must  tbemsolv^a  U^tii 
us  the  nature  and  intensity  of  the  can^PA  which 
•  Lv*rL  n.  W.  0,  i-  p»  33B,  Jlh  el 
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have  operated;  and  we  are  in  danj^er  of  errour,  if 
we  seek  for  alow  and  shun  violent  agencies  further 
than  the  facts  naturally  direct  U-s  no  Ik-ss  than  if  we 
were  parsimoitioiw  of  time  and  proiligal  of  violence. 
Ti7ti€t  inexhauatible  and  ever  accumulating  his  effi- 
cacy, can  undoubtedly  do  much  fur  the  theorist  in 
geology;  but  FtyrGt;,  whose  limits  we  cannot  mea- 
sure, and  whose  nature  we  cannot  fathom,  is  also  a 
power  never  lo  be  eli^hted:  and  to  call  in  the  one 
to  protect  us  from  the  other,  is  equally  jiresunip- 
tuous,  to  whichever  of  the  two  our  superstition 
leans.  To  invoke  Time,  with  ten  thousand  earth- 
quakes, to  overturn  and  set  on  edge  a  mouiLtain- 
chain,  should  the  phenomena  indicate  tho  change  to 
have  becTi  sudden  and  not  succossive,  would  be  ill 
excused  by  pleading  the  obligation  of  first  appealing 
to  known  causes  (ka). 

In  truth,  we  know  (^uses  only  by  their  cflects; 
and  in  order  to  loam  thr  nature  of  the  causes  wliicli 
modify  the  earth,  we  nmst  study  them  through  all 
ages  of  their  action,  and  not  select  arbitrarily  the 
period  in  which  we  live  as  the  standard  for  all 
other  epochs.  The  forces  which  have  produced  the 
Alps  and  the  Andes  are  known  to  us  by  experieiice, 
no  less  than  the  forces  which  have  raised  Etna  to 
its  present  height;  for  we  learn  their  amount  in 
both  cases  by  their  results.  Why,  then,  do  we  make 
a  merit  of  using  the  latter  case  as  a  measure  for  the 
former?  Or  how  can  we  know  the  true  scale  of 
such  force,  except  by  comprehendhig  in  our  view 
all  the  facis  which  we  can  brin^  together!' 
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In  fealHy,  when  wo  Rjwftt  of  ihti  itviftyjinihf  of 
nature,  are  we  not  obiip^ed  to  use  the  term  m  a  rerj 
lar^'e  sen^^e,  iri  urder  to  make  the  doetnue  at  all 
tenahle?  it  iuclLulcs  catastrophes  and  coiiTulsions 
of  a  very  extensive  and  intenae  kind ;  what  is  the 
limit  to  the  violence  which  we  must  allow  to  thesp 
chanf^es?  In  crder  to  enable  ourselves  to  repre- 
sent geological  rauses  Jis  operating  with  uDJform 
energy  through  ull  time,  we  must  measure  our 
time  by  long  cycles,  in  winch  repose  and  violence 
alternate;  how  long  may  we  extend  this  eyde  of 
ehan^,  the  rcpetitiou  of  which  we  express  by  fhe  , 
word  uniformity  f 

And  why  must  we  suppose  that  all  our  expfr^ 
rience,  geological  as  well  as  historical,  includes 
more  than  one  siich  cycle?  Why  must  we  Tnaisf 
upon  it,  that  man  has  been  long  enough  au  obsen-er 
to  obtain  the  avtrrage  of  forces  which  are  changing 
th!'<fugh  immeasurable  time? 

The  analogy  of  other  sciences  has  been  referred 
to,  as  sanctioning  this  attempt  to  refer  the  whole 
train  of  facts  to  known  causes.  To  have  done  this. 
it  has  been  paid,  is  the  glorf  of  astronomy:  she 
seeks  no  hidden  virtues,  but  cKplains  all  by  the 
force  of  gravitatiftn,  which  we  witness  operating  at 
every  moment.  But  let  iis  aek,  whether  it  would 
really  have  been  a  merit  in  the  fonndors  of  physical 
astronomy,  to  assume  that  the  celestial  revolutions 
resulted  from  any  selected  class  of  known  causes? 
When  New-ton  first  attempted  to  explain  the  mo- 
tfoTia  of  tile  inoo\v  \^^  U\e  tace  of  gravity,  and  failed 
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because  the  meiiSiires  to  which  he  referre*!  were 
erroneous,  would  it  have  b^en  philosophical  in  hito, 
to  insist  that  tlic  dirtVi-cuee  whidi  he  found  ought 
to  be  overlooked,  since  otherwipc  we  should  be 
compelled  to  go  to  cuuscs  <»thcr  thati  those  which 
we  usually  witness  in  action?  Or  was  there  any 
praise  due  to  those  who  assumed  the  celestial  forces 
to  be  the  samo  with  gravity,  ratlier  than  to  those 
who  assimilated  them  with  arty  other  known  loree, 
as  magaetism.  till  the  calculation  of  the  laws  and 
amount  of  these  forces,  from  the  celestial  pheno- 
mena, had  clearly  sanctioned  such  an  identification? 
AVe  are  not  to  select  a  conclusion  now  well  proved, 
to  persuade  ourselves  that  it  would  have  been  wtse 
to  assume  it  anterior  to  proof,  and  to  attempt  to 
plulosophize  in  the  method  thus  recommeikded. 

Again,  the  analogy  of  astronomy  has  been  re- 
ferred to»  as  confirming  the  assumption  of  per[>ctual 
uniformity.  The  analysis  of  the  heavenly  motions, 
it  has  been  said,  j^upplies  no  trace  of  a  l>eginn[ng, 
no  promise  of  an  end.  But  here,  also,  this  analogy 
is  erroneously  applied.  Astronomy,  as  the  science 
of  cyclical  motions,  has  nothing  in  common  with 
geology.  But  look  at  astronomy  when  she  has 
an  analogy  with  geology;  consider  our  knowledge 
of  the  heavens  as  a  palietiological  science; — as  the 
study  of  a.  jmst  condition,  from  which  the  present  is 
derived  by  causes  acting  iu  time.  Is  there  then  no 
evidence  of  a  beginning,  or  of  a  progress  ^  ^Tiat  is 
the  import  of  the  nebular  hypothesis?     A  luminous 
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matter  is  condensing,  solid  bodies  are  fonniDg, 
arc  arrangitig'  themsdves  into  systems  of  cyclical 
motion;  lu  short,  we  liave  exactly  what  we  arc  tol<i 
on  this  analogy,  wc  ought  not  to  have  ; — the  begin- 
ning of  a  world.  To  justi^  this  argument,  L  will 
not  m^ntain  the  truth  of  the  nebular  hj-potbeas; 
but  if  gt^olegists  wish  to  borrow  maxims  of  philo- 
sophising from  astronomy,  such  speculations  as  haTC 
led  to  that  hypothesis  must  be  their  model. 

Or,  let  them  look  at  any  of  the  other  proyinces 
of  pahetiologieal  speculation;  at  the  history  of  states, 
of  civilization,  of  languages.     We  may  assmne  some 
resmahlanre  or  connexion  between  the  principles 
which  determined  the  progress  of  government,  or 
of  society,  or  of  literature,  in  tJio  earliest  ages,  and 
those  which  now  operate;  hut  who  has  speculated 
successfully,  assuming  an  identity  of  such  causes? 
Where  do  we  now  find  a  langua^  in  the  process 
of  formation,  unfolding  itself  in  inflexions,  termina- 
tions, changes  of  vowels  by  grammatical  relations, 
such  as  characterl:^o  the  uldagt  knoAvn  languages' 
Where  do  we  sec  a  naticiTi,  by  its  natural  faculties, 
inventing  writing,  or  the  arts  of  life,  as  vae  find 
them  in  the  most  ancient  civilized  nations  ?  We  may 
assume  hypothetically,  that  man^s  racultics  develop 
themselves  in  these  ways ;  but  we  see  no  such  effecte 
produced  by  these  faculties,  in  our  own  time,  and  now 
in  progress,  without  the  influence  of  foreigners. 

Is  It  not  clear,  in  all  these  cases,  t)iat  history 
does  not  exhibit  a  series  of  cycles,  the  aggregate 
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or  which  may  he  repW'senW  ns  a  nnifomi  statn. 
without  iiidicalion  of  origin  or  termination  t  Does 
it  not  rather  sei^ni  rviiltmt  that,  in  reality,  the  whole 
coutse  of  the  world,  from  tho  earliest  to  the  present 
times,  is  but  ofw  cycle,  yet  uofihislied; — otfering. 
indeed,  no  clear  evidence  of  the  mode  of  its  begin- 
ning; but  still  less  entitling  us  to  consider  it  as  a 
repetition  or  series  of  repetitions  of  what  had  gone 
before  ? 

Thus  we  find,  in  the  analogy  of  the  sciences,  no 
coufinnation  of  the  iJyclrJnp  of  unitbmiity,  as  it  has 
IjeiMj  itiaintaiEied  in  geology.  Yet  we  discern,  m 
this  anaki^,  no  tfround  for  resigning  oyif  hope,  that 
future  researt^hes,  both  in  geology  a[id  in  othf-r 
palcetio logical  sciences,  may  throw  much  additional 
light  on  the  question  of  the  uniform  or  catastrophic 
progress  of  things,  and  on  the  earliest  history  of  the 
earth  and  of  man.  lint  when  we  see  how  wide  and 
complex  is  the  range  of  specnlatiou  to  which  our 
anali>gy  has  referred  us.  we  may  well  be  *lisposed 
U>  pause  in  onr  review  of  science  i^-to  survey  from 
our  present  position  the  ground  that  we  have  |)aHsed 
over; — and  thus  to  collect,  so  far  as  we  may,  guid- 
ance and  encouragement  to  enable  us  to  advance  in 
the  track  which  lies  before  us. 

Before  wi-  i|iiit  th<'  subject  now  under  considera- 
tion, we  may.  however,  observe,  that  what  the 
analogy  of  science  really  teaches  us,  as  the  most 
promising  means  of  promoting  this  science,  is  the 
strenuous  cultivation  of  the  two  subordinate  st-iences, 
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G<K)lt^CiT.l  Kni>\^'led^  ol'  Facts,  and  Gcolo^c^  Dy- 
namics, Th*'SL*  arc  the  twoprovinefiHof  kiiow'lodgp^ 
corresponding  to  PhenomenaJ  AstroDomj\  and  Ma- 
tliemalical  Mechanics — which  may  load  on  to  the 
^och  of  the  Nowton  of  p;eology.  We  may,  iriilocd, 
readily  believe  that  we  have  much  to  do  iu  both 
these  departments.  While  so  large  aportion  of  the 
globe  is  geologically  unexplored; — while  all  ibe 
general  views  which  are  to  extend  our  classifications 
satisfactorily  from  one  hemisphere  to  another.  fWmi 
one  zone  to  another,  are  still  imformed ;  while  ihc 
oi^nic  fossils  of  the  tropics  are  almost  unknown, 
and  their  general  relation  to  the  existing  state  of 
things  has  not  even  been  coujectured; — how  can  wc 
expect  to  specviluto  rightly  and  securely,  respecting 
the  history  of  the  whole  of  our  globe?  And  if 
Geoloj^eal  Classification  and  Description  are  thus 
impertect.  the  knowledge?  of  Geological  Causes  is 
stiil  more  stK  As  we  have  seen,  the  necessity  and 
the  method  of  constructing  a  science  of  such  causes. 
are  only  just  beginnii^  to  U?  perceived.  Here,  then, 
is  the  point  where  the  laLonrs  of  geologists  luav  be 
usefully  applied;  and  not  in  premature  attempts 
to  decide  the  widest  and  abstrusest  questions  Hhich 
the  human  mind  can  propose  to  itself. 

It  has  Iiecii  state<l'^  that  when  the  Geological 
Society  of  L<:»nilon  wan  formed,  their  professed  ob- 
ject was  to  multiply  and  record  observations,  and 
fiatiently  to  await  the  result  at  some  future  time; 
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and  Uieir  fa^'Ollntf^  maxim  wa^  it  is  n.rMe(],  that 
tbe  lime  was  not  yet  como  for  a  General  System  of 
Geolo^,  This  was  a  wise  and  philosophical  temper, 
and  a  due  appreciation  of  their  position.  And  even 
now,  thuir  task  is  not  yot  limshed;  their  miesioii 
is  not  yet  aecomplishrd.  They  havi-  atill  much  to 
do,  in  the  way  of  collecting  Farts;  aad  in  ontering 
upoTk  thcr  exact  estimation  of  Causes,  they  have  only 
just  thrown  open  the  door  of  a  vast  Libyrinth, 
whieh  it  may  i?mploy  nmny  generations  ti>  traverse, 
but  whieh  they  must  needs  explore,  before  they  can 
penetrate  to  the  Oracular  Chamber  of  Truth, 


I  KEJoiCE,  (.rn  mauy  accounts,  to  find  myself  arriv- 
ing at  the  termination  of  the  task  which  I  have 
mpted.  One  reason  why  I  am  glad  to  cloae  my 
history  ii*,  that  in  it  I  have  been  compelled-  espe- 
cially in  the  latter  part  of  my  labours,  lo  speak  as 
a  judgi'  rt'wprcting  I'miiiont  phil">sophers  whom  I 
reverence  as  Tiiy  Teachers  in  those  very  sciences  on 
which  1  have  had  to  pronounce  a  jndgment ; — \i\ 
indeed,  even  the  appellation  of  Pupil  be  not  too 
presumptuons.  But  i  doubt  not  that  such  mert  are 
as  full  of  candour  and  tolerance,  as  they  are  of 
Icnowledge  and  tho\»ght.  And  if  they  deem,  as  I 
did,  that  such  a  history  of  science  ought  to  be 
attenipted,  they  will  know  that  it  was  nut  only  the 
iiistorian's  iirivilege,  but  his  duty,  to  estimate  the 
import  and  amount  of  the  advances  whieh  he  had 
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to  narrate;  and  if  thi?y  judgp.  as  1  trust  they  will, 
that  the  attempt  has  l*een  made  with  fiill  irtcgritj 
of  intention  and  no  want  of  labour,  they  will  look 
upon  the  inevitable  imperfections  of  the  execution 
of  my  work  with  indulgence  and  liope. 

There  is  aiiuther  srmri^e  of  satisfaction  in  arriv- 
ing at  this  point  of  my  labours.  If,  after  our  long 
wandering  through  the  region  of  physical  science^ 
we  were  left  with  minds  unsatisfied  and  nnraised, 
to  ask,  ''Whether  this  be  allT — our  employment 
might  well  be  deemed  weary  and  Idlr.  If  it  ap- 
prand  that  all  the  vfist  labour  and  intense  thought 
which  has  passed  under  our  review  hafi  produced 
nothing  but  a  barren  Knowlege  of  the  exteniai 
worlds  or  ^  few  Arts  ministering  merely  to  our  grati- 
fication ;  or  if  it  seemed  that  the  Eiethods  of  arriv- 
ing at  truth,  so  siiecesstuliy  applied  in  these  cases, 
aid  us  not  when  we  come  to  the  higher  -ums  and 
prospects  of  our  being ; — this  Ilitstory  might  w  ell  be 
estimated  as  no  loss  melancholy  and  unprofitable 
than  those  which  narrate  the  wars  of  states  and  the 
wiles  of  statesmen.  But  such,  1  trust,  is  not  the 
impression  which  our  survey  has  tended  to  produce. 
At  various  points,  the  researciies  which  we  have 
followed  out,  have  offered  to  lead  us  from  matter 
to  mind,  from  the  external  to  the  internal  world; 
and  it  was  not  because  the  tliread  of  investigation 
snapped  in  our  hands,  but  rather  because  we  wore 
resolved  to  confine  ourselves,  for  the  present,  to  the 
material  sciences,  that  we  did  not  proceed  onwards 
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to  subjects  of  a  closer  interest.  It  will  appear,  alfio, 
I  trust,  Eliat  the  iimst  perfect  method  of  ohtam- 
ing  spopulative  truth, — that  of  which  I  have  had 
to  relate  the  result, — is  by  no  means  con^Ded  to 
the  least  worthy  subjects  i  but  ihat  the  Methods  of 
learning  what  is  really  true^  though  tliey  must  as- 
sume Uiftbrent  aspects  in  cases  wliere  a  mere  cor»- 
lumplation  of  external  objects  is  concerned,  and 
where  our  own  internal  world  of  thought,  feeling, 
and  will,  supplies  the  matter  of  our  spei^nlations, 
have  yet  a  unity  and  harmony  ttironghout  all  the 
possible  cmploynients  of  our  minds.  To  be  able  to 
trace  sucb  connexions  as  this,  is  the  proper  sequel, 
and  would  be  the  high  reward,  of  the  labour  which 
has  Irtjen  bt'Stowed  on  the  present  work.  And  if  a 
persiiasiiin  of  the  reality  of  sueh  connexions,  and  a 
preparation  for  studying  them,  have  been  conveyed 
to  the  reader's  mind  while  he  has  been  acoompauy- 
iug  me  through  our  long  survey,  his  time  may  not 
have  been  employed  on  these  pages  in  vaiu.  How- 
ever vague  anti  hesitating  and  obscure  may  be  such 
a  persuasion^  it  belongs,  1  doubt  not,  to  the  dawn- 
ing of  a  better  Phitosoph}',  which  it  may  be  my  lot, 
perhaps-  to  devcittp  more  fully  hereafter,  if  per- 
mitted by  that  Superior  Power  to  whom  all  sound 
philosophy  dire  els  our  thoughts. 
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(r.)  p.  541.  Xvtii^HTn^tt  SoiLLA^H  uri^j?ftl  drBwingvof 
foflul  tholla,  teeth}  and  oornlfi,  from  which  the  i>ngntiit^ 
ini?ilti<ino<l  in  the  text  were  executed,  aa  well  ua  ch^ 
ntttnr&l  obj^gU  IKim  which  the  drawings  w^re  lo&de,  weir 
bou^l  by  W'uodwvdt  And  are  nuw  in  Uie  Woodwurdiin 
Muflouni  nt  Cambridgij, 

(z.)  p.  fi6L  AnjoDg  tht'  many  i/alnable  cnntrihutinrvi 
to  PalHiontoIng^  in  moiv  recont  timi^  I  insy  fvpodaU) 
mentktti  Mr  Owon's  Il^tpotit  on  BritUh  Fotsit  ItffitiJm. 
fin  lir%tUh  FovU  Afammaiui.  a.iiJ  an  tft?  Ej^tntf  Aaimak 
of  Avstratiti,  with  deauripUoriR  of  OErUin  Foa^ls  tndic^Tr 
of   largo    Mnraiijii^l    PaohydnrmiLta :    and    M.    AgMcaV 

-^wtj^^wo;  r^ii;^  ->/  Bi-aUh  Fonit  Fid^,  mnd  hb  Rtperi 
an  ti^  FUh^  a/lif  £Mui<m  Clatf.  All  thrw*  kta  rontabod 
in  tho  ro]umf«  produced  by  ihv  Brituth  AHocuUion  rrum 

A  now  :tnJ  Duwt  iirL]H»rtant  iiiHtrumenl  of  ]>3&]A»nlglD 
gical  Lnvodtigntion  has  hooD  pub  in  ih&  goologidla  baibl 
by  Prof.  Owf>n'a  dUdovGry,  that  the  ititcmftJ  etructuro  uf 
teath,  as  diecloscd  by  the  microacopo,  Is  a  mooiw  of  titter- 
iiiin^n^  tho  kind  of  thu  jiiiiiTLal'  Hi-  hiu  oarrlLnl  ojto 
ervery  parL  of  tlie  nninjih]  kinp^om  an  tiamiiution  fouodnt 
upon  thiiK  disoovi-ry,  and  ha^  piiblishvil  tb#  lyiiiult*  of  llrii 
in  }iia  OdiiHta*rretfihtf.  A*  im  i-XAir^pl^^  of  Lhi-  appTii^i<ui 
of  this  (-liDirnntr-'r  of  i^iurnalH-  I  may  nic^ntimi  that   ft 
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brought  rroiD  Rign  b;  Sir  R^  MurchUon  was  m  this  vny 
aacertained  by  Mr.  Owen  to  belong  to  a  fish  of  the  genua 
Dendrodta.  (Gaoioffp  of  BuMta^  i.  67.)  r 

(aa,)  p.  565.  Mr.  Lyt'll  (R.  i,  c.  iv.)  bos  quoted  with 
Bf^roval  whnt  I  \uul  eWwhcre  «Lid,  that  tho  advancenieiit 
of  three  of  tbe  nuun  divJHioDH  of  gL>ulogy  In  tbe  bbgLojiiiiff 
of  the  present  ceutticy  was  prumoted  princijjaJly  hy  the 
throe  great  nationfl  of  Europe^ — the  German,  the  Eug- 
lifiL  and  the  French; — MineralogicaJ  Geology  by  the  Ger- 
man achtwl  of  Wernor; — SBcoodftry  (feologj  by  Smith 
aiiJ  his  English  fiuciMsaora : — Tertiary  Gix>logy  by  Cuvior 
and  biB  reliow-Ubourers  In  France. 

(pa,)  p.  537-  The  extension  of  geologicaJ  survey<>  the 
eout^rnction  itf  geo1ogi<^  mape.  and  the  detemii  nation  of 
Uie  geulegical  equivilente  which  replLico  eouh  olh{^r  in 
varioUfl  countrieH,  have  been  cftrrled  on  in  coutinuation  o\' 
tbe  labours  mentioned  in  tbe  text,  with  enlarged  aetivityn 
range^  and  means,  Tt  k  efftlmatod  that  c4ie-third  of  the 
Inrtd  of  each  hemisphere  haflbcen  geologically  explored;  and 
that  thua  Dewriptive  BtHihigy  has  uow  been  proseuutod  ao 
far,  that  it  in  not  likely  that  (rvtn  tbe  oKt^^uflivu  of  U  to 
the  whole  glohu  would  give  any  inaterial  novelty  of  oflpeet 
to  Theoretical  Geology.  Tho  reeeut  IJt^mture  of  the 
subject  ia  so  voluminouti  that  it  is  Impossible  for  nio  to 
give  any  account  of  it  here;  very  imperfcotly  j*tnjujunted. 
aa  1  am,  cnon  with  \he  English  portion,  und  «tjl]  more, 
with  what  hoH  been  produced  in  oth<?r  oounlriesn 

While  1  a,dmlre  the  energetic  and  enlightenetl  labourA 
by  whiiib  tbe  philoeopher*  of  Fnuioe,  Bolgiuin,  Germany, 
Itnly,  RuflHia,  jifid  AtuL^rtca,  have  pmtiioted  sdcutilio  gui- 
logy,  1  may  bo  allowed  to  rejoice  tc»  He«in  the  veiy  phniec- 
ology  of  the  mibjftei,  the  evidence  th&t  Engliah  geologiaU 
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have  TK»t  Fnilcd  lo  PtmtrTViutt  tTieir  slinrP  f^  tUt  lat-^r 
advancoJi  in  T,hi^  Ft'ieni^e,  The  following  order  iiT  stnii 
Itroixcdmg  uyiwarib  ib  now,  I  think.  r«Njognizcd  ihroughcmi 
Europe.  Tho  Silnrian;  tht'  /^C'Dion,  (Old  Red  Suhl- 
■loiJe;)th<?  fftiriuni^jf^ ;  the  Permian,  (Lowtr  part  <»f 
the  ucw  Red  Sandgtonc  eene*;)  the  Tritta^  jUppor  three 
members  of  thi*  N^w  KchI  SuntlBtona  Heri^;)  thp  Luui 
\\w  O&lite,  (in  which  arc  reckone<i  by  M.  D'Orbi^y  t\w 
Etag€s  liathontefi'  Oxonwn.  Kiairaendrtign,  and  PoriltHi- 
ditri :)  ihp  Awfwipfn.  (Lower  Green  Sand,)  the  Chalk; 
and  ibovc  these.  Tertiary  and  Supra-Tertiary  bed*,  Ctf 
tlicat},  the  Silurian,  described  by  Sir  R-  Murehipoffl  frotn 
itfl  tjpm  in  South  Wnlf^i,  hae  been  tmo^  by  European 
(^eolopstiH  tiirou^h  tht'  ArdiinnoB.  ScrvJa,  Turkey,  the 
shores  of  the  gutf  of  Finland,  the  vaile)  of  the  Miooi- 
rippl,  the  west  cnaM,  c\'  Nnrtli  AmeripJi,  and  the  mouri- 
tuna  of  ^nuth  America.  A^n«  the  labours  of  Prof. 
Sed^iek  !Lud  Sir  R.  Miin^hL^on,  in  1836.  7,  and  8,  tudrnl 
by  tJio  ^a^urily  of  Mr,  Lon^dalti.  led  Ui  their  pluming  ivr- 
tain  rovks  uf  Devon  and  Cornwall  ue  a  finnation  intorme- 
diiite  between  the  Siluri;in  and  Carboniferous  Seriw;  and 
l\w  DffTonian  '^ytUra  thui^  i.«tabli«hi?<l  h&n  been  accepted 
by  (Joolo^fits  in  general,  and  hns  bixm  tnu^ed^  not  only  in 
varions  par(p  of  Europe,  hut  in  AiiBtralia  and  Tamftfiia. 
an<!  in  the  noighb")urhood  of  Uie  Alle^anios, 

Above  the  CfirbonifprouB  SerieH.  Sir  U,  Murchiwon  juhI 
hie  fellnw-(abourers,  M.  de  Vemenil  and  Count  Keyser- 
lin^t  have  found  in  RuHj^ia  n  welL-doveloped  ^riet  of  rock" 
ooenpying  the  nncient  kingdom  of  Fennijii  wbtdh  they  have 
henco  callod  the  Fermian /or/nafioin  and  Ihte  temi  ak«i 
has  found  g;enpra1  aceeptanet^  The  UqM  g"mp,  tha 
Keuper,  Miisrhnlkalk,  and   Hunter  .Sandatt'in  nf  Germany, 
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faui  been  li^nneil  Triat  by  tlit  coTitin<'ntat  ge'slog^iBts,  The 
.■VitffWWijV*  \8  so  eulknl  from  NeuchftteL  whore  it  h  lately 
Jevuloped.  Bolow  all  thrae  nmkfl  £jintif\  in  Flngl.inii,  the 
CdM^ruin*  ua  which  Pruf.  Si^idgwivk  has  e9>j>midbd  eo 
many  years  of  vAluahle  l]i.1iour.  The  (.-omparifion  of  Che 
Pn>to2oio  and  Hypoioic  rocks  of  different  countries  ia 
prolyl biy  etilJ  Incomplete, 

The  guolo^stfi  of  North  Amsriiui  have  made  groat 
progress  in  ducypherm^  and  describing  the  atnieturo  of 
thinr  own  country ;  and  they  have  \iiwly  ^otie,  in  a>  great 
meaaure,  u|ion  the  plan  whioh  T  have  commended  at  the 
end  of  the  thirfl  Chapteri^ — ^they  have  compared  the  rocks 
of  their  ovn  eountry  with  each  othnr.  and  givon  tn  the 
different  beds  and  formations  nairioa  borrowed  from  their 
own  localitiee.  This  coursti  will  facilitate  rather  than 
impede  the  reductJon  mf  their  oliLcHi  Beat  ion  to  its  synonyms 
and  G^uivfiilents  in  tlie  old  world. 

Of  courAo  it  19  ntt  to  be  expected  nor  deeiro<l  that 
books  hiihmging  to  Uescriptive  G^dogy  shnll  <ixohide  iJio 
other  two  hraucht'fi  of  the  aubjiwt,  tieologiwtl  DjTiamiirs 
and  Physical  Cieology.  On  the  uontrary,  among  the  most 
valuable  contributions  to  both  these  departnicnta  have 
been  iipcr?ulatir>nfi  aj»|icndcd  to  il(«criptivo  works.  And 
this  iH  naturally  and  rightly  mort'  and  more  the  ense  jis 
the  descHjiLion  embraeeif  a  wider  field.  The  nuble  work 
On  Mfl  Gff}tofjy  of  Uu^sia  arff  tkif  Urfjdt-,  by  ^r  Iloderiok 
Miirchison  and  his  Rompsniona,  is  a  great  example  of  thjs» 
ju  of  other  morita  in  a  geolopoal  book  The  author 
intr*HlueeB  into  his  pagen  the  v.'iritniH  portiniis  of  peolopical 
LlynamicH  of  which  I  hIiiJI  have  tr>  p'peak  in  Note  (ra>  : 
and  thus  endeavours  in  make  out  ll>e  phyaii^al  fiifltory  of 
the  region,  the  hf»unilarip"  of  iU  raided  sra  bottoms.   th»* 


both  ngainrt  tht'  witrLFitrophi 
mountain  chuj[j8,  and  the  pi 
uuoufl  nilgofi.  It  IB  uviilent 
be  true,  though  the  btlter  b 

i^A.)  p,  593-      Tn  prnte 
wtiefl  of  fonnatluLu  into  vhi 
the  rocks  of  tho  c^rth,  one 
another  ts  found  to  ilisappea 
tind  nil  tho  dafiBT^  of  the  prea 
Ri.'litiluo,  Fitilioo,  CinHtu/ioAuq 
tho  eeudnd&iy  period,   frtjoi  t 
Rtd  SandBtono^  Mammals  an 
i>icopti']n  of  tho  niFLrsupial  a 
riujii  in  tho  8toiicwJio|i|  slate 
Devonian  portod  wu  tuLvo  no 
Tt  luiuut^  amouat  oT  exuc^ptloi 
Silurinn   rocks,    Fielie*   vaais) 
fomifi  but  MolhiBkr^,  CritBtACa 

Thu  CurbdniftrouB,  Di'vor 
Ibufl  containing  the  oUleat  for 
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chuii^'B  ill  the  inhabitnnifl  of  tho  plobe  were  mude  by 
iliiti^rminate  J^tepe  or  hy  iiwejiaibJi-  gr^d^ktiun^.  M.  A^:AHBi^ 
hiu  b««>n  IfKt  to  tho  oonvictjon  that  the  org^kniiod  p<jpulnr 
tion  of  tho  globo  wji^  rL^nQW«]  in  the  iiit(?rv^  of  «u:h  prin- 
oipfll  munihicr  of  its  formations  [Jirit.  Asmc.  Rfjmn,  184!. 
p,  ^3).  Mr.  Lyull.  on  ttio  otlior  liiuiil,  cionmivoe  thnt  FJie 
c*hiingo  ia  tho  ooUcctiou  of  orgoajzod  bomga  woa  gradual, 
nnd  haa  propa«eil  on  thi?  iiubject  ilq  hyputheiiiH  whioh  1 
Bhall  horcafbor  conaicler, 

(ea.)  p.  602.  The  effects  of  ^Miere  mentioned  id 
the  toxt  arf)  obviaui^;  hut  tho  mochuiiflm  of  thetw  bodieflr— 
tho  mechanical  miusc  of  their  motions, — waa  an  unnlvefl 
problem  till  within  a  vorj  few  yoars.  That  they  slitlo  o^ 
Hgid  Diaaseti: — that  they  advance  by  the  cxpanai^in  of  iFioit' 
mass; — that  they  advaneo  ae  a  I'ollectifjii  ofrigiJ  fraginonta; 
wore  doctrinea  which  wore  held  by  eminent  physicist*; 
though  n  very  flli^ht  attenticm  to  the  suhjoct  ahowa  those 
opinimin  to  bo  untoniible.  In  Prufeaaor  J ,  Forbi^a^B  thoory 
on  the  Bubjeol  (pubhshud  in  his  Truv^U  thrtrngh  Ihe  Atp9^ 
IS^S.)  wv  lim)  A  solution  of  Ihti  problt^ai.  bo  eimpio  M\t\ 
yet  BO  exact  a«  to  produce  the  moat  entire  conviction.  In 
Uiia  tbcorj',  the  ice  of  a  glaoier  is,  on  a  great  scaiB,  eup- 
poBod  to  be  an  plaptic  or  viacous  mwts,  though  ^maX\  por- 
tions uf  It  arc  flcnmbly  H^il'  It  julvanccti  down  thi- 
atopo  of  tho  valley  in  whicJi  it  lie»  as  a  plaatic  mus?. 
would  do,  acvomtnodatlng  itaelf  to  the  varying  i^bupe  nml 
mKO  of  ita  bed.,  and  Hhowing  by  it«  crovassi^  Its  ouxctl 
<-hanietGr  LiLtworn  fluid  and  rTgid.  It  ehows  thia  ehamc- 
tor  Alill  mofc  curiounly  by  a  HMtofu^d  ttrudx^rf  an  a  iriuvl] 
MflJo,  which  in  common  in  ihu  tolid  ice  of  the  glaoiur 
Th«   pUnoa  of  the^e  WWflsu  Tkn;  for  thp  mwfl   part.  At 


coreivp  puDUCftiiona,   remfvvcf 
botn  urgtid  HgrtiiiBt  this  theci 
Memoir   iq  tbf  Fhil-   Trans. 
Pifcouf  Thetay  uf  Glucier  Mi 
pr^ffiett   astonish mi?.nt   ftt  tht 
made  to  the  thoory  on  iho  gn 
pieceH  of  it*.      Hp  hns  hiin 
gtaoJBre   has    r^  ploiiHlLO    lli?\ib 
points   in   a  tran&verse  Htr&if 
Oface,  and  obsemtig  tliom  for 
lin<^  in  that  timi?  not  fyr&y  bea 
ilIso  tiecanio  viaibly  curved. 

Roth  h\v,  F'OTbos  and  t>tbe 
in  tbtf  iiighe«l  degree  probabl( 
in  many  placM  in  whioh  thoj 
luve  i?xi?r<usfd  great  powers  in 
riH^k.  riiiruniEi^  and  jioliidiing 
ahdi?.  JUiil  Jer^viiig  linf^  aud  nis 
wliioh  tbi?y  had  cLirriod  &loQg  v 
them.  Tt  rauimrt  be  douhtod  tbj 
duced  «)me  of  the  ctfrrtji  which 
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The  greiki  probWm  <>f  the  diffliaion  of  drift  ant!  erratic 
LliM^ks  from  thfir  parent  rocka  U'  grtitl  ilLstrwici'fl,  ha* 
<lrivon  ;^ologietA  to  tho  uonsidijration  ofothi^r  byjiothutitTAl 
machiu^iy  by  which  the  effocta  may  he  accounted  For : 
c^wcially  the  great  northern  drift  and  houhUrt; — the  rocks 
from  the  SeandiniLviiiii  i-hmn  ftbit^h  oovLtr  tho  nort!i  of 
Enrope  on  a  vnet  area,  having  a  length  of  3000  and 
breadth  of  from  400  to  SOO  mileH.  Tho  <1iffueion  of  those 
blwrks  h(ia  been  apoounted  for  by  fluppoaing  them  to  ht 
linbeddtM]  !n  icebi^rge,  detached  FronL  the  nhore,  mid  floated 
into  oceanic  spacer,  whf.'re  they  Iiuve?  greuudod  and  been 
dcpoisittjd  by  the  melting  of  the  \c<^.  And  this  mode  of 
action  tnay  to  some  estent  be  safely  admitted  into  geolo- 
gieal  ^eiilation.  For  k  iB  a  matter  of  faet,  that  our 
navigator^i  in  arvti^*  itnd  antartic  regionfi  have  n-p^-atrtlly 
Feen  luebtirgB  aud  iuetloefl  fiailing  ahtog  laden  with  such 
matoHala. 

The  flUvre  cxplanalion  of  the  phenomena  of  drift  anp- 
pOHefl  the  land  on  whii-h  the  traTolled  muti-rinla  ari*  found 
to  have  Itcen  thr  iKittom  of  a  nea  where  they  were 
depoHitLiL  But  it  due8  not,  ovmj  gruitiug  tbt?  eonditions, 
at'ctmiit  for  aome  of  the  fact*  obsucvod  i — that  the  drift 
and  the  bonldera  are  deposited  iti  "  traineea''  or  etreaka. 
Ahieh,  in  diryetion.  divci^  from  the  parent  rock; — 
and  that  thi?  hoiddfTH  n,rr  of  dnkillcr  jtnLl  «maUcr  size,  m 
they  are  foun'l  more  ruuiotv  from  tbat  oentor.  These 
phciiotnona  rathvr  sugg^t  the  nutivn  of  currents  of  water 
a«  the  cause  of  the  difitribution  of  the  matf  Halii  ijito  thiiir 
present  situntions.  And  thougli  the  suppoaitiou  that 
the  whoEo  area  occupied  by  drift  and  bouhlern  was  a  ^eii- 
bottom  when  they  wore  Mastered  over  it  mueli  rpducus 
Ih^  amount;  of  violence  which  it   is  necomarv  to  asBtiuie 


oeean  mimcient  to  proaacft' 
fimiatinii  of  ihb.  n-fcrc^ncp 
KiUfr^i'll'it    iiivuutigJLtioiu    wiU 
pjfLTreU  k"  ill  Nott  (i^a),  vo 
in  this  caae  wuuJd  be  thi3  ica< 
niotJon  of  the  woAer  ig  as  gi 
top;  ajkd  it  hM  hence  beon 
I'lovjitiiMlP  of  lOU  or  200  feit 
jui   hour  iJiigbt  Uj   wM^unLEr 
not  been  «u(]]cii:intly  not«d  tJ 
r^nt"  LB  tranfiient :  it  lutfl  or 
ovDi'  tlie  point,  and  thoroforo 
^Eiglt'  iiLw^  thu  wIluId  way  wj 
through  a  ohijit  diatJiUTO  u.  tie 
(■ucctJtisivtil^-  pa«atid.      ft  doeu 
w-  li;iva  here  a  ctjiopIcCie  aC( 
oollcctinn  of  inaleriAl^,  in  vh 
thraugli  f^!?tt  distances  L — exi 
\iQ6i:   a    nuiiiurouu    Buaooflaon 
Sacb  It  battff^  miglit,  by  sue 
their  foKp  throueh  thg^yati^ 
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Sip  Yi.  Miirchiflon  hoA  pointod  t»ul  unolhor  n|>oraii/»n 
of  tco  in  |ini(]Ltf;iii^  iiiuuikIh  of  rooky  miLSM-b  ;    nAiiicly,  the 

tb«  witcra  carr)'  rocky  fragments  entangled  in  tb«  winter 
ioH.  and  Wvfi  thum  in  hcnpa  at  tho  highoat  lerel  of  tht 
waters. 

Thn  miteijt  lo  whioh  tlio  oflbcta  of  glmiioT^  now 
vulifihed,  are  apparent  in  many  plooee,  esjwcinlly  iji  Switz- 
erland and  in  England,  and  other  |?henoniena  of  the  like 
tendency,  have  led  somo  of  the  rao«t  eminent  geologistB  It* 
the  convietion  that,  anterior  to  tho  poried  of  oiir  pro«ont 
tempcraturo^  then?  was  a  Giaeial  P^od^  nt  which  the  Cem- 
poraturo  of  Europu  wju  lower  Ijuui  It  nnw  in. 

(f*,)  p.  fi07.  E.Miio[»lcift  of  ehmigofl  of  luvfl  of  large- 
dutrict^  occurring  nt  periods  when  the  coinitiT  }>JU<  Iwon 
agitated  by  carth^iun.kt'S  arp  well  aBccrtained.  as  llie  riling 
of  the  ooaat  of  Chili  in  fSSS,  and  the  eubjaideneo  of  thi> 
ilTfltnnt  of  Cntoh,  in  the  deltoi  of  tho  Indue,  in  1S19. 
(Lyullf  B.  II.  c.  1ET.)  But  the  caetvi  of  riioro  eIaw  anil 
trunqiiil  movement  upom  dw  tc  bo  eatabii^hed  T!ie  gra- 
dual Kcular  rise  of  the  «ihore  of  the  Baltiui  inc!ntioiiL>d  in 
the  text,  haa  be(?n  coDfirmed  by  BubBequent  investigation. 
It  ftpjH^iirs  th^t  tho  rate  of  elevatif^n  iticreaHefl  from  Stock- 
holm, whoro  it  ifl  only  a  few  inehfvi  in  a  centnry,  to  the 
Noitb  Cujje,  where  it  ie  awvoral  foet.  It  apptara  aiBo  Llial 
BC^eral  other  regions  are  in  a  lik«  state  of  secular  change. 
The  toAflt  of  Greenland  is  linking,  (tiyoll,  1^.  ti-  o.  xviii.) 
And  tho  existence  of  "raiaorl  Ireachrs''  along  varioun  coiata 
k»  now  gE^TiPfally  aewpted  among  geologintfl^  Such  bcfleh**, 
anciently  fnnning  thu  margin  of  the  floa,  hwi  now  far  rtbovc 
it,  exist  in  many  placea;  for  infltauce,  along  a  gTL-at  part 
of  lilie  .Scotch  eoafit;  and  among  the  miaed  beru.<ho«  of  that 
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cAunfry  wo  ou^lil  |frobfll»lj,  witli  Mr.  Darwin,  la  ini-"luU« 
tlie  ■■■  pttralitil  ruadi*"'  of  Glenroy,  ihf  subject,  in  iVirmeT 
dftyHn  of  so  much  controversy  Among  geologisU  nnd  anti- 
quarica. 

CojuiocttHl  wjtii  the  F-euular  rise  and  FoU  of  lai^  por- 
tiniis  rif  thu  oarlli'ti  Hurfat.-c,  iDutlitir  ogi^uc:^  uliiuh  ylay^  90 
impartont  JioJl  in  Geological  DynAniica  has  beon  the  etib- 
jeet  of  some  boM  yet  Bmg\i\ar]y  ^crsatuaye  «|tecuUtioiib 
by  Mr,  Diu'win^  1  speak  nf  the  formitioTi  of  eoral-  auwl 
ixnl  rcufH.  He  enya  Ihiit  tbo  uural-buililiog  ibuiriial  work* 
only  ai  smaLl  and  <k'liiiitL-  lijstHDistw  Irtlow  tlie  turfaoe- 
How  then  are  we  tt>  account  for  the  raat  number  of  ooral 
ifilanfte.  ringH,  aad  recfs^  whioh  aro  *cjttter«t  over  tha 
PaoiBc  and  Tndimi  OccanH^  Cnn  wc  suppose  that  thfi^ 
are  ho  iniLiiy  uiimuLiJii^  oruten^,  and  ridg«s,  all  evtcLly 
ivitlkin  a  fi-'W  ftet  of  tlib  muuu  ItL'jgbt  thrinjgb  tbii  vast  ^r- 
tion  of  tike  globe's  aurfaoe  \  Tbifl  is  incredible?.  How  then 
are  we  to  explain  the  fuets  I  Mr  Donvin  repEitia,  that  If 
we  BuppoHi  tho  liUid  to  Bufiaicle  nlowly  beneAth  the  nea.  and 
at  tbir  KLiuo  time  suppose  tlie  coruJiiuu  icoophyt^  to  go 
on  bulKLingH  se  that  tbetr  structure  constantly  rvu^  Dparly 
to  tbe  burface  of  the  water,  we  eihall  have  the  FaotA  CX' 
plained.  A  Bubmprg;pd  island  ^vUl  ppoduoo  u.  ring;  a  jniift 
coast,  JL  bai-ricr  n-t:f ;  und  mi  oik.  Mr.  Hiirwln  Alan  niitc« 
other  phoiionicno,  as  eiovatpod  beds  of  cciral,  which,  ocntrring 
in  other  placet,  indicate  a  recent  rising  ol'  tho  land ;  and  on 
such  gi^unds  &n  these  be  dividi's  tbi-  surfjice  of  those  pJirU 
of  the  ocean  into  reponfl  of  elevation  and  of  depreaaii  tn 

The  labours  of  comJliiie  zonphytt?^,  its  thus  nlt4fn'«i. 
foruj  luofiF^cvi  of  coral,  nnch  ae  are  foirml  fosBilizeil  in  the 
struta  of  tbe  carttj.  lint  our  knowlcilgti  of  tb:*  lawH  nf  lifn 
rt'bich  have  probably  aJTeoteil  tho  diFtributiou  nf  ntarino 
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TQaxiuns  ill  titratii.  h;b*  n3Qelvpd  nther  very  striking  acce»- 
siom  by  the  labours  nf  Pruf.  EJuai-d  ForbiJfi  in  observiTig 
the  m^Lvini?  anhuals  of  tho  ,'Egean  Sdiu  Hp  foimj  that 
ev^n  in  thoir  living  etate,  tlie  molluekd  aud  zoophytes  are 
already  distributed  into  strata.  Dividing  the  dopth  \ai*i 
eight  rvgiojie,  from  2  to  S30  fatlioiiLB^  he  f«]und  that  each 
region  had  Jta  peculiar  inhahitiLntB.  which  disappeared 
•peedily  either  in  ascending  or  in  descending.  The  ssero  of 
animal  lifr^  appoArod  to  occur  &i  about  300  fn.thoin?.  This 
curious  TTvult  bejvra  in  various  ways  upon.  g£?ology.  Mr. 
Porbes  hiniBu!f  has  given  itn  cxiimjde  of  the  mode  in  which 
it  may  bi-  ».ppiiiH],  by  iletorniining  tht  d«pUi  it  which  the 
aubEQArine  eruption  took  pbrc  whtrh  produced  the  volcanic 
isle  of  Neokaimeni  in  17^-  By  s.n  i^xamination  of  the 
fnsnils  niuht'itdi:!)!  in  thn  pnnii^it^,  hf  nhownd  tlutt  it  I'jinmiVon] 
Uic  fourth  region,    {Britwfi  Afsof.  Rffjrorts,  lSi3.  p-  177) 

To  the  uiodeH  in  which  or^^amscd  bcingt  opurate  in 
produuiug  tlie  uiateriala  of  the  earth,  vrn  must  add  thoiio 
pointed  out  by  the  evtrftordiiULrj-  micro^oopic  diwov^-ri™  of 
Profeflflor  yChr(!nberg-  It  appears  that,  whole  be<la  of  I'ortiiy 
matter  conmst  of  thfi  wwes  of  certain  infusoria,  th<*  rotnaina 
Ejf  these  creaturuH  being  aceuinulatud  in  numbem  whiuh  it 
confounde  our  thougUte  to  contemplate, 

(a  A .)  p.  fil  4,  The  theory  of  oratera  -^f  elevation  pr<>- 
hftbly  errs  rather  liy  making  the  elevation  of  a  point  info 
a  particular  claw  of  volcanic  agf?ney,  than  by  giving  vol- 
canic ogeney  too  ^^rcat  a  power  of  elevation. 

1  have  modified  tlie  f'npro«ionH  used  in  the  text  with 
regard  to  those  writer*  who  have  applied  mathematical 
reasoning  to  geolo^al  question*.  Such  reafloning,  when 
it  19  carried  to  the  e^ctent  which  requires  symbolical  pro- 
di^vea.  hm  alttaya  hocn,  \  conci^ve^  a  source^  not  of  kno^v- 
vor..  111.  V\ 
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own  hypothesis  of  the  introdui^tion  of  uew  6j>eciuB  u| 
tho    earth  f    iloE,    having    u,ay    phyeiulogiual    iMsie.,     hardlj 
bfilongH  to   thia   chapter. 

Mr-  LyuU  ha*  explained  his  theory  (B,  in-  c.viii,  p.  166) 
hy  HUppoeing  man  to  people  a  groat  iluaert,  intnulmiint 
into  it  living  pCrmts  und  animdti ;  and  hu  ha£  tnict-J^  ia  > 
very  intereetiug  manner,  the  rvf-ulta  of  BUtrh  a  hypothec*  on 
the  distribution  of  ve^table  and  animal  Apocies.  But  be 
auppoftm  the  Jtgontfl  who  do  thia,  before  rJiey  import  «pede« 
into  prLrttcular  loculitioa,  to  ^udy  attcniLvely  the  climate 
iuid  other  plivHiDrLl  [^nnditions  of  each  ^;H>t.  nnd  to  lue 
viirioub  precautLtiuE.  It  ie  on  iiiToimt  of  tlii>  nrttion  of 
design  thufc  inlroUuued  that  I  havB,  in  the  leit,  dcetribed 
thitt  opieioii  -m  intUer  a  tenet  r>f  Natural  Thvolo^y  thaJi  of 
PhvBicitl  Philosophy. 

Mr.  h]dnn.rd  f'^erbee  hnA  published  Aome  highly  int^ 
reatitig  fipotuluitioiiH  on  th*j  diatrilmtion  of  exii^ting  ftpecke 
of  nii]m:LlG  nnd  plonii^.  Jt  upporLra  that  tho  niJinner  in 
which  :*niniil  and  Tegot.ibli?  forms  are  now  diJTuM-d  rv 
quires  ua  to  assume  tenters  fmm  whioEi  the  di^uidon  tooL 
place  by  no  nieoJifl  iiniiteii  by  the  present  division.^  of  con- 
tinf^nbH  and  ifllands.  The  chAngce  of  land  and  water 
which  havo  thufl  occurred  ainoe  the  Dxi^ting  epecio^  wore 
plim^d  on  tho  L>arth  must  liave  been  very  extensive.,  and 
ptirha|>fi  reach  iai<j  tho  glacial  period  of  whiub  1  haw 
spoken  in  note  (ra).  Seo,  in  Maaotfi  of  the  Gfoloqital 
Suriy/Jtf  of  Great  JirUain.  vo\^  i.  p.  536s  Professor  Forb«» 
Memoir  '^Oii  II lo  Connexion  botween  the  Distribution  nf 
the  lixii^ting  F^una  and  Flora  -rf  the  Brttieh  Ults.  and  the 
theological  CbangH)  wiiiuh  liavi-  nfTLX'ted  tlieir  arett,  «afpe- 
rially  during  the  epotfh  of  the  Norlhtirn  Driftn" 

According  to  Mr.  ForbeaV  views,  for  nhii-h  he  hm 
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offbrtid  u  gruftt  IwHly  cif  vtry  striking  ujid  uouvfrgiQ;^  rcio- 
Bons*  tlm  preevnt  ve^et&LJv  and  anlnrnl  pojJuUtioii  uJ'  Lbu 
Britieb  Iniee  Ih  tv  bo  accounted  for  by  the  following  scnus 
of  event*.  Thf?  marine  depoaita  of  the  nttHM^tie  foniiaiion 
wero  clevutoil  into  n  great  Atlantii;  uontinnut,  yut  Hopar^tc 
from  wlial  ]&  now  AinoHcaf  und  liavin^  its  weetcru  nhorc 
where  now  the  great  eemiciroular  b<:lt  of  gulf-weod  raugca 
from  the  15th  Lo  tliv  45tli  paraUel  of  latitude.  Thin  l-oji- 
tinent  then  bcciiiiie  stocked  with  life,  and  of  iu  vegetable 
population,  the  flora  of  ihewt^pt  of  Ireland,  which  hEuiniany 
points  in  common  with  the  Horn  of  Spain  and  the  Atlnntie 
itdauilB  (lliu  A^aria/i  flora),  is  thu  reoonl,  Thci  rugion 
between  Spaiii  and  Ireland,  and  the  reat  of  tbia  inuiDcune 
continent,  v&e  degtro)'cd  by  Homu  goolo^cal  movement,  but 
there  were  left  tntcF^  of  thii  r;onnE*sion  whioh  Ptill  remain, 
E^twardi^  of  thu  floni  jui^t  mentioned,  tliLU'c  'n*  u  Horn 
ixnnniQU  to  Dhvoei  and  CVrrnwrilh  to  the  south-traEt  part  of 
Irotond,  the  Channel  Idea,  and  tbe  adjacent  provinces  of 
France  i— a  flfjra  pawning  to  southern  character:  and 
having  !u<  course  market!  by  the  rentainji  of  a  great  rockv 
barrier,  the  destruction  of  which  probably  took  place  ante- 
rior to  th«5  fommtion  t>f  the  narrower  yiart  of  the  channel, 
CafitnunI  from  thk  Ueei^i  or  I^'ormatt  Hord.  again,  wo  have 
the  KvntUh  Jlura,  which  is  an  extension  of  the  flora  of 
North' western  Franc e,  insulated  hy  the  breach  which 
formed  the  atraitfi  of  Dovor,  Then  came  the  Glacial 
p^riodt  when  thu  uaut  of  England  and  tlie  nurih  i>f  Europe 
wero  flubmergod.  the  northern  ilrift  wa*  difitributcd,  and 
EjigUnd  VM  reduced  to  a  chain  of  ifiUnda  or  ridgi«, 
formed  by  the  mountaina  of  ^Vi]cfl,  Cumberland,  and  Scot- 
land, which  w*>re  connected  with  the  land  f^f  Scaniiinavia, 
This  wa*  the  period  of  glaeicnt,  of  the  dinperaion  of  iiouHcrSi 
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of  th«  f^twrttn^  Afid  itff^lt^hinf;;  <i(  ruck*  iw  ihrj  an*  M«r 
rucmil.  Th<i  rlinuui  iHiing  fiiun  mutrh  oolil^r  tJun  ii  iiAir  K 
lb*  fl<in,  even  ilowo  tu  Uk*  uator  a  tidgu.  oouuitcd  of  vbtt 
aru  iLori-  Al|jiiw  (ilaiito  ;  ruiil  thie  Atpin*  i\on  a  ouiumau  k 
SeutiliiiAiu  «nd  lo  our  □icmDU;n4uiniaJU-  And  Ubim 
yhaU  kept  tlivir  |ilac<«n  wbtn^  l>)  the  vlcraUion  of  thr 
1iu3^L  thi>  whale  or  tho  prcaent  (icrouui  Ocuafi  Uvivau  ft 
uoutiiiuQt  i^unnt-oting  HriUuu  with  iiuuLntl  Euni|i&  F«r 
iiiuriiiAtHl  I'luvjttiou  of  tJK-Jr  aLaiimis  ooUQtorbftiiaMd 
ilinurjiiJied  4^oM  ol"  ifac  AucrvoUing  poricni  Along  tk 
dry  bud  of  the  German  Sco,  thus  du^'ated,  Uiffi  pnitcigoJ 
f  lart  uf  \he  ousting  tfora  of  En^Urnl*  the  ftrmidiiK  florv 
fiiipvit^nl.  A  Inrgii  |h)rti"H  nf  our  i^KJBtrn^  tuiimu]  jiopu- 
Ution  jiUiJ  C4IJII-'  u?vr  tUruugb  tlic  «ainv  ro>riou  ;  Atul  niuDi^ 
vrjih  tbucT,  ukmc  bvi'iutifc.  tig>'r>.  r]ij]iui»jru6,  iiun>clu«  ulL 
wolvtti.  liOftVL-n,  whiuh  vo  OKtinct  iu  Rnuin,  Bod  otbor 
anJm«lfl  which  nro  oxtoiirt  nllogi&UiQr,  aa  thfi  fiHmi^niiA 
duphvit  4Jr  iD^uniiLoth.  tSui  Llirtii.  Aff^un.  ihi'  (imun 
OiMiui  utrl  ihu  [nab  C^UkunoI  weiv  etfuojwd  u ui ;  und  Um 
dijiiJiU-  n^iii  cluui;^.  In  our  iftUiidti,  ihj  JutAdkuUt  xuftMj 
of  thir  l»]^r  Uiulv  |)uri«h«tl.,  and  thtfir  WntM  wurv  coiMfvJ 
ii|>  in  pi-FLt'inoNH-"  Mid  I'av^.  whtiv  wcr  finJ  thcuk.  Tiui 
ifititinf^tiliuiiL  iiiitiiralUt  hw  furtbor  rihown  t)ml  the  popu- 
Uticm  of  itirv  1^14^  LWh  ibeolf  lo  Uiu  duiuiviuw.  Kfr.  l-\>rlin 
na^H  fhai  Ihu  wntiu^^  itf  Mr-  Smith,  at  JunUn-biU,  "Od 
iUo  lost  Ckiaii|j;n  in  thi;  r^jlativo  Letnk  of  the  LoikI  to4 
Si^  ill  lhi:<  Itiituh   IflUniU,"  TiiiMiHhj'il  in   Lhc    Mtmuinof 

l<>uiuJat[DQ  of  a  uritkuJ   icivcsri^tion    of  ihi«    lubjaei  ii 

IM,)  |j-  (J57.     I  think  I  iliil  mit  lUi  iiiJiir<[M«  to  t^v^ 
lluttnn  ill  (|i*cribiji^  hij*  tlM"»ry  "\  !hi'  r^rlh  jif  /jimiilM* 
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Prof  PlayfttivV  ple^jvit  work,  lUwiirfttfone  oftAe  Huftonian 
Thenrv,  (IH02>,  ao  justly  Jidiuireil.  conUJns  rnauv  *\<^ 
LriHes  which  thg  more  mature  geology  of  mwlym  time* 
rrjoi^ts  :  Buoh  as  the  igniy)UB  origin  of  chalk- flints,  eilic^TOue 
puddingEtone,  and  th<]  like;  the  uuivci^  fomiatiiin  of 
river-bodB  hy  tin?  rivcra  tliGOiBolvoa ;  jj-ud  othor  poJDta. 
With  rogani  to  this  liw^t  muntiuned  liiiestion*  1  think 
aJi  whii  ImvG  read  Deiuc'e  Geologu  (ISLU)  wlEl  deeoi  hia 
rufutstioa  of  Phtyfoir  ci:>mplete- 

But  though  Hutton'K  th<>ory  was  proinaturc,  an  well 

Werner'ftj  the  former  had  a  far  gn?^ter  vjlIuc  aa  on 

iportont  step  on  the  ruad  to  truth.     Many  of  its  holdcet 

|by|HJthE!r4tifi  and  gt-iiemliziLtion^  have  bi'come  a  pEirl  of  the 
?n«rfli  creed  of  geologists;  and  its  pnhlication  ia  pprhaja 

[Ihr  gmntest  evi'nt  whieh  has  yot  oecumxl  rn  the  prop^rfw 
of  PiiyHJcftl  Gcfllog). 

(ka.)  p.  B69.  I  liavc.  In  tho  texti  quotod  tlie  fourth 
Di^tiDU  of  Mr.  Lyeire  Pr'nicijiUs^  in  which  ht-  reLtnnin«ndB 
^'  an  earnest  and  patient  endeavour  to  reonollo  the  former 
indieations  of  change  with  the  evidence  of  gradual  mutfi- 

^tii:>n  now  in  prngrees/'  In  the  pixth  edition,  in  tJiat 
whioh  ie,  1  prcflumc*  the  corr™poncliug  passjiijj^u,  iilllioiii^i 

[■ii  IK  truitsfLTred  rroni  the  fourth  to  thv  tiri^t  Book,  (B.  \. 

•V.  xm.  p.  325)  he  recoiuni^nd^,  infitcad,  ^' an  eanieet  and 
patient  inquiry  how  far  geological  rtppcirances  ace  reoon- 

iftileahle  with  the  effect  of  changes  now  in  progrose,**  But 
while  Mr,  Lycll  hae  thus  aofti^iiad  tbu  advocate's  idia- 
mcter  in  hi^  languagt>  in  thig  po^eage,  tlie  tranBptsitinn 
which  I  havo  uotiued  appeara  to  me  to  hate  an  opposit'.^ 
teudency.  For  in  thu  Joniier  edition^  the  cause**  now  in 
aetion  were  firet  described  in  the  second  and  thirl  Bonks, 
and  the  great  problem   (*f  Geology,  rtatnd   in   the   fiirt 


and   thp    ntlicr    kadin^ 
Scioticna.    arc   fuTtJicr  i 
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AUTHOR  OF  PROLEGOMENA  LOGICA, 


VV  THE 


AUTHOR  OF   THE  HISTORV  AND    PHILOSOPHY 
OF  TH£  INDUCTIVE  SCIENCE^ 


Tunrr  CoiLLaaE, 


Daar  Sib, 

The  following  retD&rlu  were  principally  written  a  tov/ 

months  ago,  when  [  had  Eint  the  ploasuro  of  rcaoiving  aiid 
reodiog  your  Prok^/iena  Lo^ca,  It  appeAns  to  tuo  that 
jou,  and  others  who  aro  intorcfltod  in  the  aubjccU  wKii^h  jou 
have  diHc:u^&d  in  your  book^  lany  bo  willing  to  attend  to  tho 
explsnatioiiH  which  I  have  there  offered  ;  and  1  have  thor^ 
foro  pHntcd  a  few  oopics  of  the  remarks- 

T  am,  dear  Sir, 

Your  obedient  humble  Borvant, 


W.  "WHEWELL. 


The  Iht}.  H.  L.  MoHttl 
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fHERE  ha0  been  eomothing  ourioua  in  the  reception 
which  the  philoeopli^  of  tJie  GcrniJiJi  mota|}b\'Aician  Kn,nt 
hu  met  with  in  England.  Ono  vlad^  of  purHuus  hav(<  th«jr 
mm^B  fully  made  up  that  aJl  "  Genii&n  metaphyej<»  "  h  mjs- 
ticol  a.nd  uninti'lligihTc,  ex.tTa.ya.ghnt  and  Ahnurd :  And  that 
Kunt  U  eniinenlly  markEd  with  thoso  charaot<?ristiea-  As 
a,  roprcoonlative  of  thitt  opinEon  we  may  take  a  gontkntati 
who  hae  publiiflhed  *' A  History  of  Mor^l  Science"  in  t^vo 
volumcH,  and  nho  nntEB  thua : 

*^  1  muflt  eonfcKH  mywelf  oomplctoly  ignorant  of  the  CriH- 
etd  or  TraiiKi^ideii/al  PhiSanifih^  of  Euianuel  Kant-  1  have 
made  several  jittenipts  to  get  a  glinipae  of  his  Bybteni.  but 
have  been  obligr>d  to  givo  up  tho  undertik-ing  in  despair. 
Talk  rjf  seholiiritin  j[irg<rt»  wid  barbariHUi !  Wliy,  if  it  wore 
poesible  to  extract  all  the  verbal  jargon  of  tho  aoboola, 
from  the  Cbrifltian  era  down  \a  the  Gfte«nth  century,  into 
one  book,  it  would  come  far  short  of  the  obsmrity  of  the 
Critical  philosophy.  No  English  reader  can  form  the  mo6t 
dietjuit  conception  of  Kant'a  nritinga  withuiit  Lii  eaw  them. 
[jiV],  But  let  the  reader  auppoae  that  every  sentence  ef  this 
book  were  out  eoparately  out  of  lt>  all  put  into  a  bag,  and 
woU  nhakeo,  and  then  promiacuoUHly  taken  out  one  by  one.  and 
placed  in  the  form  of  a  bock  again;  he  might  then  have 
some  faint  idea  of  the  tram'^&nd^ntal  opinionaof  this  Gi^rman 
writer." 

Another  author  who  muat  bo  eoneidered  as  reprefientitig 
a  very  different  degree  of  culture  and  thoughtfulnesa  from 
the  one  just  quoted,  etiU  speakfl  in  a  manner  hardly  leaa  dis- 
paraging.   The  temperate  and  critical  Dcgald  Stewart,  in  hU 


nolo  I  to  Purl  1.  uf  Uk*  DiwMridlioii  hu  euvs,  "  In  nuro'^ 
limift,  Kant  i4ud  bia  foHottcn  vooni  to  hiv«  lhou|:lit  ibftt  ihtf 
hftd  thrown  a  blron^  lig^t  od  tbe  natuiy.'  of  ^ptactf  tnA  t^ 
of  fMiUt  wlietk  Uicy  iatrwIucoH  tho  wi'rrd  ^^rm  (Jhrm  n/ dt 
iaHiidCt)  ftB  &  common  U^rni  ii|r[iliutl>lH  to  both-  h  nr>t  tiiia 
to  rGTorl  to  lUir  oGholutic  foU^  of  verUJ  geoenliMtion  T 
And  in  Pftrl  II.  hf>  givoa  &  long  bad  Uborioua  orilii.-uED  iif 
A  (wrtion  of  Kaiil*  Hp^ulations ;  of  whicli  tho  6pmi  lujij 
b«  oollocLud  fixini  bu  d«9<]nbuig  Ihem  aa  rv^ultiiig  in  *'i1jd 
Enet*pHyric&l  conun^ujn,  that  llio  liuman  miDd  (coiwidervl  «« 
A  HDwoc^fVTn  and  Dot  as  &  />A#ii0miurfiJ  Doither  oxuts  In  tfaite 
nor  tiniP."  And  aft«r  mouUoninp  Mciui^rs  and  Herder  Along 
with  Knot,  hit  addfl.  "  1  aiu  a«lmin«d  t^  eay  thai  in  (iml 
BHtab  the  onJ;  one  of  these  namoa  which  has  b^eo  nmoh 
talkod  of  is  Kant.*'  And  a^aiu  in  Nolo  EE^  he  tranaJAUi 
MMDC  poKiva  of  Ulc  Ocnaon  phjioaojilier,  adding,  tlmt  to  iht 
oxpr«wion«  fn  Gni[i1n^d  he  can  ittiu-h  nr>  me^Eving. 

But  rtotwiihstiinding  thcr  unfavourablf?  jud^ient*  of  tbo 
Kantuin  dLiolxiaw  whicjh  bavo  tbiu  prorailoil  b*>th  amon; 
cultured  and  uncultured  mon  in  thU  country,  LIutto  haw  bcm 
othi'r  pcn*ona  who  have  tbougbt  mora  high!y  of  th-Mo  cUo- 
tririQii-  Thiu  u6tima[ion,  od  the  part  iif  ^mo  of  our  c>ounUi- 
mtuip  bafl  probabtj'  been  produced  io  n  great  i>i«wnr«  b;  thia 
enduring  rfpuUUon  of  Kant  in  Qcrroany,  and  the  hopotlaDn 
which  continucH  to  bo  there  nAcribcd  to  hiii  V]«wa,  And  ttw 
oourae  taken  by  ^veral  ^tkgLiah  writuni.  thus  farouraUj  di^ 
p«ed  to  tlio  philosophy  (ft  Kant,  boa  been  to  pnitc  the 
philriAophy  in  general  temu,  but  to  diiptnige  tho  doctrim 
of  Kanl  when  prpflenled  by  EnglisJi  writcrn,  tii  an  j-j^Wi 
tlreas.  F-Jt  iuKtanuu,  when  the  Pkiloiofhs/  <>/  tif  IttduOHt 
Sewitit  wu  publubeil  ^in  Ihflij,  {hv  arguiuuuta  vbioh  KaPA 
fmployrd  to  shw  ihat  npMe  and  time  tro/mmot  osr  nr- 
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ccTplivo  power  (p,  84  and  \22)  woro  givci],  although  williout 

ftdoptirig  (hat  phraoj  om  eflseatiaJ  to  tho  doctrine-  Tlie  argu- 
luent*  thua  adopted  were  atatod  by  translating,  almost 
literally,  Kont'e  own  words;  yet  the  author  wan  charged 
by  a  RoviQwer  at  the  tlmoi  with  explaining  those  dootrinea 
*^  in  a  manner  iiioompatibte  with  t!ie  cfeir  v'tuns  uf  EiqauuuI 
Kant."  It  appeared  to  be  apsuraed  by  tK©  English  admirera 
of  tho  Kantian  philoeophy,  that  Kant  a  vEews  wcro  truo  and 
dear  id  Germany,  but  became  untoDable  when  adapted  in 
England. 

Stowart,  in  his  critJciam  of  Kanfa  dootrines,  rcniaj-ked 
tiiat,  in  oascrting  that  the  httman  mind  poo^caacs,  in  its  awn 
jdeoa,  an  dement  of  ncueefiary  and  univoreal  truth*  not  de- 
rived frvm  expuHeuee^  Kant  had  been  anticiprkted  by  iVic?* 
by  Cudworth,  and  even  by  Plato;  to  whoso  *"Thfi"etetua"  both 
P^iT^o  and  Cndworth  rofar,  na  (]r>ntaitiin[^  viowfl  dmilar  to  their 
own.  And  undoubtedly  this  doctrine  of  ideae«  a«  uicJlepeneable 
■ourcet  of  neoeEsary  truth*,  was  promulgated  and  supported 
by  weighty  ar^umenta  in  ths  Theietetiis  ;  and  has  ever  Hittfe 
been  bold  by  nmny  pliilnBophora,  [n  opjiosition  ti>  thu  con- 
trary doetrine,  alao  estenaively  hitld,  that  all  truth  is  dei'ived 
froni  experience.  But,  in  pointing  out  Cbia  oircumatanco  a« 
diminishing  the  importance  of  Kants  spooulationa,  Stewart 
did  net  aufficif^ntly  consider  that  doctrines,  TunJamentally  tho 
tuLinc,  may  discharge  a  veiy  different  office  at  dilTurent  periods 
of  the  history  of  philoaophy.  P[ato'H  Dialoguea  did  not  de- 
Htroy,  nor  even  diininl&h,  the  value  of  Cudworth""*  "  Immu- 
table Morality/'  Nutwitlutandrng  Cudworth's  pubheatione, 
PriwB  Joclrioctf  caiiiu  out  a  Httle  afterwanls  with  tbu  air 
and  with  the  efTect  of  novelties.  Cudwortb's  assertion  of 
idraa  did  not  prevent  the  riao  of  Hume'A  akepticiain;  and  it 
waa  Hume's  skcpticiam  which  gave  occasion  to  Kant's  new 
aaeertiun  of  ncci^aeary  and  universal  truth,  and  to  his  exami- 
nation into  the  grounds  of  the  possibility  and  reality  of  i»uch 
trulb.     To  maintain  syt^h  doctrine  n/ter  the  iippearanci.'  uf 


founding  hU  cite  wiih  Eh 
ttioiu^  eo   on  thu  other  h 
both  Lo  hint  ami  tbmu  who 
of  ideiA,  bj  confounding  t 
aeema  to  uie  to  bo  commit 
PliUoHi)i>lxy,  who  hoe  givuii 
of  pliilmcrphy  up  to  our  o 
an  importaat  and  pramuieu 
ULphyB]c§  ;'-^but  has  ntkll  n 
nnd  indeed  eVL'17  philoaopli 
ordijr  to  prove  thb  thesis, 
amine  Kunt'*  doctrmefl  aa* 
and  to  point   out  what   h< 
Ihese  arguiuvnlJi-    TIjIs  jlci 
M  aoon  OB  he  haa  entered 
tutes,  OS  ]ii?  opponent,  for 
writer  of  our  own  Limo  ani 
hjajjadf  n  Kuntinn.  xvho  h 
whatever  juHtipi:,   of  niwrep 
from  Kant,  and  uhora  iniui 


HB  tbo  writer  whoao  viow«  ho  has  to  oriticii^f  ^thont  stating 
hnw  hi]  cuniii^ctH  him  with  Kant,  and  gous  on  arguing  Againat 
AtM  ior  a  dozeo  pagi3s  to  llio  end  of  tb^  Cliapter. 

On  the  other  hand,  a.  still  more  recent  writer  hu  re- 
vivf^d  the  conHure  of  Dr  Whewell^s  speoulatiuns  oa  noi 
doing  jusLicf)  to  Lhu  Kmtian  ^hiloeophy.  "  It  is  mjeh  to  bO'. 
regretted,"  ho  eiiys",  "  tint  Dr  Whewt-U,  who  has  made  good 
U80  of  Kintlan  pnaciplefl  in  many  parta  of  hi»  Philosophy  of 
the  Inductive  Si^icnccd,"  h&a  not  more  aaeumtelj  observed 
Kaut'H  diiitinutiua  between  Lho  ncco&flary  laws  under  whjuh  oil 
men  think,  bad  Iho  coutiugent  Jawa  under  which  cerlaia  men 
think  of  curtain  things.  And  further  on^  Mr  Mansel,  after 
giving  great  praiso  to  the  general  spirit  of  the  J^ltilosop^y  0/ 
the  inUiicti^  ^eiencut^  saya  ^*  It  is  to  be  regretted  that  tho 
aek^uraey  of  his  theory  haa  been  In  eo  m;uiy  instances  vitiated 
by  g,  atumble  at  tho  thrtshoUl  of  the  Critical  Philosophy." 
Mr  Manscl  in,  indeed,  by  much  the  mofit  xeuloua  En^h 
Kantian  whoau  writings  1  b^vi?  seen  ; — among  those,  I  meaUk 
who  havo  brought  original  powers  of  philoaophical  thought 
to  bear  upon  such  subjects;  and  havo  not  bocn,  ns  somo 
have  been,  enslaved  by  H.n  admiration  of  German  systoms,  just 
aa  bigotted  aa  the  contempt  of  them  whiuh  1  noticed  at  tba 
begiiuiing  of  th^so  remarkH'  And  a^  Mr  Mansei  hae  etated 
distinctly  eorno  of  the  points  in  which  he  co[iovivea  that  I 
have  err^il  in  deviating  from  the  iJoctrines  of  Kfintn  I  should 
wish  to  make  a  fow  remarks  on  those  points.  Such  epeeu- 
lationa  will  probably  nob  have  many  readers;  yet  tbe  crita- 
(^isras  to  which  I  have  alrcsLdy  refi!irred  ehow  that  they  have 
some,  :ind  uDhur  eriticisma  of  the  aonto  kind  R.-main  to  be 
uotieed  as  1  proceed.  Those  who  attach  any  iuiportancQ  to 
th«  views  which  have  been  recently  promulgjiteH  on  these 
Bubjocta,  The  author  may  hope,  will  be  willing  that  he  shotdd 
explain  points  in  which  he  oonoeives  himself  to  have  bi?en 
mieundL-rstoud. 

•  /*™''jrnfl*fifl  Loffic^.  by  H,  fj.  Mftniel,  M.A,  iBfll. 


U  (iuoli  &  a^printe  source  ol 
d<vti  not  a^cG  citlicr  nHth  Ml 
horce  lo  tha  origiool  Knutiiui 
■ouroes  of  nwwawrj  trutba,  bi 
FundAniGUtol  IdeM  of  Dr  \^ 
been  «ud  by  Mr  MUl,  Mr  M] 
Eubjeob  of  what  1  have  callud 
to  porooive  tliat  1  have  oKprt 
regard  to  the  Identity  of  cbari 
thcflo  FLmdamentiil  Idout  nan 
otiierst   Afi  ForDo,   Compooitioi 
dofiiroiid  of  oipkiningf  to  tboao 
apeauliLtiDnB,  liow  fur  1   uIaiiq 
Idoiia  the  DOJiie  cbirocler  &nd 
Timo. 

The  Bpocta]  and  ohuraotorit 
mental  Ideas  is  what  I  liavo 
are  the  luentat  sourecd  of  nev 
tnilhs.  T  call  thi?m  Id^wa,  ok 
from  seiiefltiun,  but  governing 
giviiiE  fonii  to  Qur-a^JMiaafla- 


&|>ftce,   when   clearly   poamssed,   givoa    ri«c   lo   gootnotricftl 

Axioms,  anil  a  thua  the  fouDciation  of  thfr  Soif^nt:a  of  Go<^ 
metry,  Tha  Iden  of  MechanionI  Foroo,  (a  TiioiiiBoatiDii  of 
thti  Id^Kt  of  Cauwi)  when  clearly  developed  in  the  mind, 
givea  birth  to  Axioms  which  arc  th«  foLindation  of  the 
SoIcnoG  of  Mechanics^  The  Idea  of  Sabetancc  gEvos  riof^  to 
the  Axiom  wbioh  k  uoivGreally  aocepti^d. — that  wo  cannoti 
by  any  proceea,  (for  aiBinncs,  by  chemical  proccasce,)  creE^t^ 
or  destroy  matter,  but  can  only  combino  and  separate  ele- 
mente ; — an<l  thuB  givps  rise  to  the  Science  of  Chomiiitry. 

Now  it  may  be  observed,  that  in  giving  th^d  account  of 
ibe  foundation  of  Science,  I  lay  Htreaa  on  the  condition  that 
the  Idoaa  mmt  bo  claarly  awd  dutiu^lj/  ]}og9^ajifti.  The  Idea 
of  Space  must  bo  ijuito  oloar  iu  (ho  mind,  or  else  the  Axioma 
of  Geometry  will  ni>t  bo  seen  to  Lc  truo:  there  will  bo  no 
ifttv-iltGn  of  their  truth  ;  and  for  a  mind  in  euch  a  btate,  there 
can  be  no  Science  of  Goomctry.  A  man  may  have  a  confused 
and  perplexed,  or  a  vacant  and  inert  state  of  mindi  in  which 
it  ifi  not  clcurly  apparent  to  him,  that  two  btrai^ht  linos  ana- 
not  incioBc  A  space.  But  this  ih  not  a  fiviiuent  ea«e.  Tho 
Idea  of  Space  la  much  mors  commonly  clear  in  the  mindB  of 
mtiu  than  thu  othuc  Ideas  on  which  aeienoe  doponda,  ae  Force, 
or  Subiitanci^,  It  is  much  more  common  to  iind  niiuda  in 
which  thew  latter  Ideas  are  not  so  clear  and  distinct  ai  to 
make  the  Axioms  of  I^fcchanica  or  of  Chemiatrj  aelf-et'ident. 
Indeed  tbu  examples  of  a  state  of  mind  in  which  tho  Idcaa 
of  Forct)  or  of  Substance  are  eo  clear  as  te  be  mmlo  thu 
bsaia  of  BciencG,  are  comparatively  few.  They  are  the 
examples  of  uiindfl  wiontiticaKy  cultivated,  at  \cnai  to  some 
©stent.  Hence,  thuugh  the  Asiorne  of  Meohsnicfl  or  of  Che- 
mistry may  be,  in  their  own  nature,  aa  evident  ai  thoae  of 
Geometry,  they  arc  not  evident  to  so  many  perBona,  nor  at  so 
early  a  period  of  intellectual  or  scientific  culture.  And  this 
being  the  caao,  it  is  not  suqiHsing  that  aome  persons  should 
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cloutit  wb(-Ui«r  tliMb  A\>ouuii  &r«  evident  at  all  ;^^woU 
Ihink  tlijil  It  JA  hn  tsTTitr  U\  aii^rl  Thai  Uiem  «xUt,  in  nnth 

to  bn  ulaBMfd  witb  ^[luer  us  Wld^i  Uke  it*  lUo  urigin  of 
Axioms, 

thuMurcu  cif  Axioina  yrhvn  oJeorly  poeeuflbod.  wilhout  ilwislLJng 
ftu£i:iuo|Jy  ujicu  Uie  MtiKtuat  uf  luvui&l  discipline  which  !■  r^ 
qnUle  to  g;ive  tho  mind  this  doar  poasenion  of  mootoTthrm: 
■lid  in  itoi  kctip^Dg  LtTur-u  Uii?  reai!<rr  tho  tltiTtrrcnt  iltrgrf^aB  of 
cvidoEJCD  nbliiU,  lu  [uc>£t  jiiiuds,  the  Axioiuaof  illlTvn^iJt  n^cv 
nalufaliy  have,  !  h*ve.  u  I  have  said,  given  oooaeioo  to  my 
rcAderi  to  mLnindenund  me.  I  will  point  out  oda  or  t«o 
pMMpM  which  kIiuw  ihftl  Uiia  miauudijratAadjng  haa  occumd, 
t^nt]  will  try  to  remove  it, 

Thfl  character  of  aniomailc  (nitha  teon  by  intuiUtm  ii, 
that  thfy  arc  not  only  mien  to  bo  tnii.%  but  to  bo  DeccBsuy; 
- — that  thuoontr^^  of  them  ie  notoaty  tiUi».  but  iQvoau^rjttie. 
But  tbi«  iocouccivablcneA  dop«iula  i?atirely  upoa  the  ck«r- 
n*M  of  the  l4lc9L»  wbicb  tlit  axjotua  involfp.  So  long  u 
those  Tdoiu  ai^  va^c  and  inHifllinot,  the  contrary  nf  an 
Aaiom  nin^y  bv  aMwntod  to,  thouj^h  it  cannot  btj  dietinctty 
concuivvd-  It  may  be  auented  to,  not  becaiim  it  u  poasibU,  ^1 
but  beL^auoo  tre  do  not  see  clearly  vrhat  f>  p<«»ibla  To  a  ^V 
jK^rifon  wlio  te  v>tily  bt'^nning  tu  think  guuiutitnc-nlly.  ihcn 
jiiay  apiioar  nothing  absurd  in  the  aHwrtJou,  tint  tvo  atni^bt 
Uoea  may  indoM  a  »paue.  And  in  the  same  mumer,  to  a 
person  Avho  is  only  be^nning  to  think  nf  m«}chaDia«l  tnthp. 
it  may  not  a|i|i<^r  to  bu  alwur^L,  that  in  niochanioal  proof  oi. 
Kvactian  ebmihi  ber  gt^atisr  or  lu«a  than  Action :  and  m^ 
agaiji,  to  a  penon  who  him  not  tiLougbt  stoodily  atiout  Sab- 
>t.in;:i>,  it  may  ntii  a]r|>trar  LDOcimjcivablo,  that  by  f^t'Tnt**! 
iperations,  we  ahould  generate  new  matter,  or  dwtrvy  maUV 
whiob  alrtwly  ^xUts^ 
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Here  th«n  w«  h^ve  a  dtfficuTty : — tlie  test  of  axlotiia  ia 

that  tho  contrary  of  thcni  ia  tncoDCuivjiLlc ;  and  ytit  pcri^ODa, 
tili  they  bave  Lu  some  meauuro  atucJkd  tlio  flubji>tiu  do  Eot 
tee  ihiB  incoDoeivablenefiS.  Hvqch  our  Aiioms  miut  be  «vi- 
dent  only  to  a  BmaM  nuvahcr  aC  tbinken ;  and  seem  not  to 
deserve  Iho  nanio  of  HGlf-Bvldunt  or  necessary  trutbs. 

TbJs  difficulty  bae  been  strongly  urgud  by  Mr  Mill,  elb 
flupportiog  bis  view*  that  aU  koowledge  of  truUi  ia  JenveO 
from  eipeneni?e.  And  in  order  that  the  nppoaito  doctrine, 
wbidh  I  have  advocated,  may  not  labour  under  any  diadJ- 
vanlagUB  wlueli  roally  do  not  belong  to  iL^  I  muHt  exjilain*  that 
1  do  not  h)  any  nn-^aiid  uesert  tii^t  thune  truths  vvbiuh  J  re^nl 
M  aecveaarj,  are  all  equally  evident  to  comoioD  Ihinkere, 
or  evident  to  persona  in  all  alagea  of  intellectual  develops 
niunt,  I  may  even  say^  that  somo  of  thoao  truths  which  [ 
regartl  as  neecsuiary,  and  Lbe  neOL^anity  of  which  1  b^liDVi?  ibo 
huiuan  mitid  to  be  capable  of  aeeing«  by  due  preparation  and 
thought,  are  alill  fiuch,  that  this  amount  of  preparation  and 
thpUj^Ilt  ia  rarv  and  puocdiar;  aJid  1  will  willingly  [j^rant,  thai 
to  attain  to  and  preeurvo  auch  a  ulearnees  and  subtlety  of 
niind  as  thia  intuition  requires,  is  i^  task  of  no  ordinary 
difficulty  and  labour. 

TliJe  doctrine* — that  some  truthfi  may  be  seen  by  intui- 
tion, but  yvt  that  the  intuition  of  them  may  hv  a  rare  and 
diflicult  attainment, — I  have  not,  it  would  e^m,  conveyed 
with  Au11icii.!tit  clearness  to  obviate  miaappi-chetiBiun.  Mr  Mitt 
baa  noticed  ft  passage  of  my  Pliihwophy  on  this  eubjiict,  which 
he  ban  underatood  in  a  Aonee  different  from  that  which  I 
intended,  .Speitking  of  the  two  Prinoiplea  of  Chomical  Scienca, 
— that  eoukbinatiuua  aro  definite  in  kind^ — and  in  cjuatitity, — 
1  iiad  tri«d  to  elevate  myaelf  to  the  point  of  view  in  winoh 
these  Principles  are  aeeu,  not  only  to  be  true,  but  to  be 
necoHsary.  I  waii  aware  thai  even  the  profoundest  cheraist* 
had  not  ventured  to  do  this;  yet  it  appeared  to  me  that 
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Hion  vrarv  Etoiu>irlt<ratioTia  wliioh  duvrood  to  vliov  that  loj 
vUivr  nda  would  nopiy  itukt  tli«  world  am  a  wor^  on  wlocfa 
Uu»  hiiniin  niitiil  amtid  not  employ  ii*i>lf  in  oi^iontifie  Jipeoo- 
Utinn  at  jdL  Thow  conHidorivtiorw  I  rontorod  to  put  fitf- 
«'&nU,  not  ikfl  views  wljioli  cuiild  ai  pr«wjnt  tw  geoenll; 
aci.'^ptoil.  but  Afi  viuua  to  which  chemic^  phi|o»i>phy  app«sx«4 
10  TTio  to  t«nd,  Mr  Mill,  not  unnaturolTf  I  must  admit, 
uipponed  me  to  moan  that  the  tpro  Priiiciplra  of  Cbonwtiy 
ji]«t  BtBi(H[,  uv  BtJf-^TJdant.  in  tbv  uuttQ  waj^  uid  in  tKe 
efimo  derive  a«  the  Ai;ir»ma  of  Geometry  are  to.  I  o/ber- 
v^^di  pxtdaintd  that  what  I  meiuit  to  do  was.  to  throw  nut 
an  opinion,  tbut  «/  wo  could  oodo^vq  the  oompoMlion  of 
iHxliee  dirtinctly,  wu  luJght  ha  hhli;  to  «9e  that  it  n  uoo««ntl7 
Ib^t  the  modes  of  this  ooiopoMtion  ahould  bo  dofuuto.  Thi» 
Mr  Mill  do«  not  uhjcct  lo :  (Lff^ic.  T.  p,  27^  3rd  Ed  )  hut 
ho  oalla  it  a  groat  attenuadon  of  my  fonner  opinion;  whidi 
ho  undvrbtood  to  bu  that  we,  (tl^at  a,  men  lu  ^neral) 
already  we,  or  may*  or  ought  to  «eo,  thii  no«o«dty.  finoh  a 
fCenoral  apprchenaJon  of  fhti  u£^i^««sity  of  dffinito  oh'Mnical 
<iompo«ition  I  i^EirUiiidy  norer  rcckonc<i  upon;  and  ovcti  in 
my  own  mind,  the  ih'^ught  of  tuoh  a  neoeesity  wm  r»tb«r  an 
anticipation  of  what  the  intuitions  of  philoaophical  cbemittt 
in  anothf^r  gc^nonition  wr>u[il  be,  tliao  nn  afiAiTtion  of  wbil 
the_v  now  aro  or  ought  to  1>« ;  much  |f*a  did  1  cipcot  Uut 
peraona,  neither  chomietH  nor  phtloHopbeta,  wouJil  alrcadji  or 
pfirhaps  ever,  bco  that  a  propontioB,  «o  reoently  diuorvred 
t4j  be  true,  ifi  not  only  trui.s  but  nwemtjj. 

or  tho  bearing  of  this  view  on  the  question  at  usne  be- 
twtN^D  Mr  Mill  and  mo,  1  may  hereafter  ^p^ak  ;  but  E  viU 
now  notioo  other  (inrsonfl  who  have  mimnderatiXKl  ttttt  lb  thd 
fame  wav- 

An  able  itnter  in  the  £:dmUrpk  Rm^^k  (No,  I  ^J3,  \k  W 
hae.  in  liko  ruiMiner,  HaJd.  "  Ur  Wht-weil  aecaiH  to  oi  t'>  haM 
guiiii  mneh   loo  far  in   reducing  to  nrairaufy  trutli«  what 
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aa&urtHlly  tlio  gunc^r^ity  ot  mankind  will  not  Tuel  to  be  aa" 
It  is  a  hoi  which  1  do  not  at  all  GonlLiit,  that  tiui  ffsneraliftf 
of  vitiiikind  will  not  (vol  the  Axioma  of  Cbemielry^  or  cvod  ul' 
Meohanioa,  to  be  necessary  truths.  But  1  had  fiAid,  not  that 
tho  goDurality  of  raankmd  would  feel  this  occeeelty,  but  (in 
a  pat^tga  juat  baforo  quoted  by  tb<j  Reviewer)  that  t!io  mind 
under  (^ertaio  clrcumBtanc™  atfaiiu  apaint  oftitic  from  whi«h 
it  can  pronouncQ  mcchaniual  (and  other)  fundamental  truths 
to  be  necetwary  in  their  nature,  though  diBoloand  to  m  by 
Qxpi^rionoe  and  obeei'vatioa, 

Dgth  the  Edinburgh  Heriewer  and  Mr  iMjineel  appear 
to  hold  a  diatinction  between  the  fundftmentol  truths  of 
Gonmctry,  and  those  of  the  other  suhje^ta  which  1  have 
cbeaeil  with  iheni.  The  latter  nays,  that  perhaps  metaphy- 
sioiaoB  may  hereafter  e^t^Lbli^h  the  eiiatenco  of  othur  bub- 
jeclive  oonditions  oi  intuiliona  (or,  u  1  should  call  them, 
Fundnmenta]  Idean,)  besides  Spaco  and  Time,  bnt  that  m 
oti^rting  buuh  to  uitist  in  the  iwioncu  of  MechanicSj  1  cer^ 
tainly  go  loo  far:  and  he  gives  H9  an  inetaneOt  an  Essny 
whiuh  I  ^dded  to  the  Second  Edition  of  the  PMio^oph^y 
oontfJiiing  ^^a  Demonstration  that  all  matter  is  heavy/'  1 
oertiutily  cliii  not  oxpcet  that  the  Prineiples  asserted  in  that 
Es&ay  would  bij  awented  to  as  readily  or  as  gonerolly  mi  the 
Axioms  of  Geometry;  but  I  conceive  that  I  hare  there 
proved  that  Chemical  Science,  using  the  balance  as  one  of  its 
implements,  cannot  ailmit  *' impend erablo  budieA"  among  ita 
elements.  Thta  irDpoeaibihty  will,  1  thinks  not  only  be  found 
to  exist  in  fact,  but  seen  to  e^iiat  necee«&riTyH  by  chemiHle.  in 
proportion  as  they  advance  towards  geni^ral  propositiona  of 
Chen^deol  ScEenco  in  which  the  so-o^led  "  imponderable  fluids'^ 
entor-  But  even  if  I  be  right  in  this  opinion,  to  how  few  will 
this  nece§aity  tie  made  apparent,  and  how  slowly  will  the 
intuition  Bproad  ?  T  am  aa  weil  aware  aa  my  critics,  that  the 
DDCesEitj  will  probably  never  be  apparent  to  ordinary  thinkers- 
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Thrtu;(h  \W  STdHSol  Hoop  fiot  tto}iiiotvlrilgo  tiny  MiljcOi 
live  CAti«1iUonii  of  inLuitiotl  Iw^iiik*  Sp!i<;v  ,iini  T(m<i.  W  Jwt 
rvooguixe  uUwv  iirnU  v/ nficrttify^  which.  1  nhi^utd  c<|U[iTl5  rrfi't 
to  FonfUiueolBl  Tdcu;  bvcauae  Ih^y  ^re,  ka  Ilm  th^n  8|i«ot 
and  Time,  the  fAundfttir^Ms  of  nnivcnnl  and  nocmruirv  trutln 
in  fM^ienrc.  Suoh  we  {Frol.  Lo^.  p.  1S3)  thu  Prindplv  'if 
Sabntnni'e; — AU  Qualities  «itftt  in  aome  subject  :  JUid  llie 
Principle  of  Ciusalrty: — Evory  Ev^nt  hfta  itJ>  Caunfl-  To 
xhoQ  Prindploe  he  &£arjbf>t4  a  "  in4-t3E)hyeic>l  aeooasily,"  tin 
niLliiro  uid  grminde  of  vliich  lie  analj'Bt^  vrilh  gre«t  a^QtONM. 
But  wliat  I  fuivo  to  oliservE  is,  t\iiti  wliftt^vor  Jijfimmrf^  tntj 
he  ftomied  out  bcturoen  the  irmund*  of  tht  ne<?«Hsfry.  in  tfan 
cue  of  metapkyeiaii  nrweemty,  and  id  th&t  whioh  Mr  H. 
ca11«  mfff^errTjafifi^^  EiecuasJLy  which  belongs  Ui  tho  Coadition 
or  Idoaa  of  Spafw  and  of  Time;  iitillk  it  is  nut  Ihe  ]e«6  tni( 
that  the  IdoAA  of  Substance  and  of  Causo.  do  affbrd  n  foim- 
dfttian  for  nea^sary  trutlu.  And  that  on  thora  trutba  art 
buill  Seient^ea.  Tlial  every  Change  must  h^ve  ft  C«a>e.  ^M 
the  torreapondbg  Axiym»» — that  the  Caum  Ib  known  hy  the 
Effeot,  And  Meojoired  by  it> — l«  ^he  baAia  of  iJie  5denc<*  of 
Mcchanioji^  Tiiat  thore  h  a  Subr'Lnniae  to  which  quIitiaL  ■ 
belong,  frith  tho  vorrupoiiding  AxioiUp — that  ve  cumat  H 
create  or  destroy  SulMance,  tJiough  wt  may  alter  Qiulllie* 
by  oombining  and  eapnrnting  Sulistanced, — ia  th<^  h^at  of 
tho  Science  of  Chitoiistry.  And  that  this  doctrine  of  Uu 
IndoArDotihdity  of  Subetonov  ii  a  primary  axKnojOJc  Uvlh, 
ia  certain;  both  bocauM  it  h&a  beau  univerartJIiF  taken  ht 
gnLotod  by  mrn  neeking  Tor  gviiOTal  trathr^ ;  aitd  betuun^  it 
b  not  and  uonnot  he  provm]  by  expiTicncfi.  (Sat  I^Ait.  f»d. 
S<j.  B.  VI.  chap.  3).  So  that  I  have  horu,  viva  aooordingto 
Mr  Monsril^s  own  sUtement,  othur  ^nnindA  bfliadeft  ^^poo* 
and  TiniOj  for  nocowary  tnitlu  in  Seionoow 

Beodos  fDathHoatioftl  and  meUphysitfal   MMBnty.    Mr 
Haittd  reoegniMi  al«o  4  k^ioai  neeruiry.     \  «flt  nfil  [in^vod 
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to  (uiy  tihAt  thifl  kind  ofncccaaityia  fyya,ct1y  represented  by  any 
of  tlinei^  Tundatnental  Mcraa  wliich  arc  the  bitsi^  of  Science; 
but  yet  I  tbink  it  will  be  founJ  that  this  logiooi  UE^uoBflity 
mainly  operates  through  the  attribution  of  Namee  to  thuigs; 
nnd  that  &  large  portion  of  its  cogcnoy  tinscs  from  theoe 
ina:<inis« — that  Namee  must  be  ao  impoBoil  that  General  Pm- 
poaitionfi  shall  be  jn>&flib]«, — auil  ho  that  Heaaonin^  ahaJJ  bo 
posftiblo.  Now  thcBe  mftKims  are  really  tbe  basia  of  Natural 
History,  and  are  so  stated  in  the  PkUin&phtf  of  the  ladttciive 
BeiauM.  The  former  maKiin  ia  tho  principlo  of  all  Claflsifi- 
calion ;  and  t)ieugb  we  bnve  no  eyllngifluis  jj;  Natural  Hia- 
tiory,  thu  apparatus  of  ^fnrjf,  spfcka,  d!_^r€nfia,  and  th^j  like, 
^'hich  wTis  iatrL>dueed  in  the  analynia  of  ^llogietic  reaoomog, 
ifl  really  more  conatantiy  applied  in  Natural  Hialory  than 
in  any  other  eeienoo^ 

Boaid^e  tbe  difieront  kinds  of  necesoity  which  Mr  M^nAel 
thua  acknowledges,  I  do  not  seQ  why  he  should  not,  on  his 
own  principloa,  recognize  otberfl;  oe  indeed  be  appears  to  mo 
to  do.  Ho  acknowledges,  I  tliink.  the  dtstinution  of  Primary 
and  Secondary  qualities;  and  tbia  tausi  iuvolvo  him  in  the 
doctrine  that  Secondary  Qualities  are  necessarily  perceived  by 
meana  of  a  jlMium.  Again  :  he  would,  1  think,  acknowledge 
that  in  organized  hodioB,  tbe  parts  cKiut  for  a  Purponoi  and 
Purpose  b  an  Idea  fthich  cannot  bo  inferred  by  reasoning 
from  facts,  without  being  possessed  and  applied  as  an  Tdon. 
So  that  there  would,  I  concmvo,  esiai,  in  his  pbiloaophy.  all 
the  grounds  of  necessary  truth  which  I  have  tormed  Funda- 
mental Ideaa;  only  that  he  would  further  subdivide,  olaasify, 
and  analyae,  the  kinds  and  grounds  of  tbia  necesnty. 

In  this  be  would  do  woll ;  and  some  of  his  distinctions  and 
analyses  of  thie  kind  are,  in  my  judgment,  very  inetruotivo. 
But  1  do  not  see  what  objection  thvrtt  can  be  to  my  putting 
together  all  these  kinds  of  necessity,  when  my  purpose  ro- 
(jaires  it ;  andj  inasmuch  aa  thoy  all  zlto  tho  bases  of  iSclonra, 
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T  iTkny  coll  thorn  hy  a  gvnvnU  nvDo;  for  invtAiu'c,  OnHin^ 
Soietililic  Nocewty ;  &nd  th««F  *rc  prt^iOKjIy  whit  I  mc^n 

Thfit   aomo   atosdy    thought,   And   ovon   uoini   profit* 
Id  Uin  coimtructiou  of  Saienooi  u  ne^ed  in  order  to 
the  DeoeB&it^  uf  the  Auoma  thus  inlroducctl.  i#  true-,  aoil  ii 
Topetteinjr  usertixl  ftnd  iUuEtrftl«d    in   ttja    UmU-tj   of 
Sdonocfl.      The  oeouiity  of  oueli  Axioma  ia  §000,  hot  It 
not  «ooTL  >t  firut.     It  buooiut!ia  clearer  a4id  clcuvr  to  «Hb 
pencil.  ELEid  di^jLT  to  one  pvraoa  nller  oriolUcr,  u  the  Immfta 
mind  dwells  more  ^^•\  laotM  sUaAW^  on  tho  sevcr^  imbjpcb 
of  Hpeciilntion.     Thert  arv  Kunriji^  trutJn  irAiVA  fuv  ma  Jf 
iniHitiimt  hnt  tMi  iftt%Uii>w  is  proffrtmn^    Thin  IH  t)i«  romsrlcj 
which  I  wi^  to  maki»  in  answer  to  thoie  of  my  criCiHja  who 
faftvo objtot(»]  thatimtluttluuh  1  have  pTopouiul«d  iv  Axiom*, 
Ara  Dot  evident  tr>  all.  ■ 

That  ibt'  Axioms  or  Soivni^ii  arc  not  uvidoiit  to  aU»  iv  tnie^f 
enough*  and  too  truo,  Taku  the  Axioin  of  Subwtamo :  8l)*t 
vfQ  may  ohango  tUt-  oi>DditJuQ  of  a  eubatanoe  in  varioiu  iriyi, 
Imt  cannot  ilr^roy  it.  ThU  hod  ht^n  &nuxned  u  oxidant  (j 
philonopht-rs  in  sJI  cigefl ;  but  if  we  aek  «i  ordinuy  pontm 
whether  &  \Kxly  can  bo  iloetroyod  by  Sro,  or  dinriniHhti^  viP 
he  uahe«ilatiiig]y  i^ply^  that  it  caimol!  It  ro<{uiroa  «voitf 
thought  to  ^ay,  aa  thu  philosopher  said,  that  the  wei;^1  of 
Ulo  auioUu  is  to  bi?  found  by  euhtrai^ting  tho  wvi^t  ti  (in 
a^hoa  &om  that  of  the  l^iel ;  tuy,  even  when  tfait  u  Mid,  It 
appears  at,  flmt,  rathor  an  epi^nuu  thAQ  ft  floiaritific  tnilh' 
Y^t  it  ifl  by  thLnking  only,  not  by  an  cupenmofit^  tJiat,  fro* 
a  b3i[»py  gu(VK  it  booomod  &  j^deutilio  truth.  And  th4»  thoi^l 
it  the  b&siB,  nut  Ike  roaulli  of  expariniont&l  trulha:  for  wlikh 
rtoAon  T  4flcril>Q  it  to  ft  Fundamental  [i]>nl  And  «■>  Hwlt 
truiha  aro  tho  grrnuine  growth  of  the  htiimvn  mlod ;  not 
iunatu*  as  if  thuy  aot'dod  not  to  f^row;  iktiU  lew,  ik«l 
twjgv  phiekfid  from  eap«ii«uoe  and  etuok  in  froon  wtUioot,, 
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not  uaivurealT  ae  if  they  grew  up  everywhere;  but  Dot  thu 
IcBs,  undGr  favciiirtibk  circumatancesi  the  genuine  growth  of 
Iho  Hckntifio  intellf^ct. 

Not  only  ilo  I  hotd  that  tho  AxtoiuD,  on  which  tho  truths 
of  ficience  reet,  grow  from  gueuea  into  Aicionu  in  vanoiu  ways, 
«n<l  ofiftn  gradually,  Mid  at  diffbnitit  periods  in  different  minde^ 
and  partially,  oven  in  the  end;  but  I  conceive  that  this  may 
be  ehown  by  the  hi^ttory  of  scieuoep  as  having  rcaJJy  ha,ppt!Ded, 
with  regard  to  all  the  moAt  conipicuoUB  of  vuch  principles. 
The  Bcientilic  insight  which  enabled  dieoovcrere  to  aohiove 
thtnr  expJoita*  impUod  Uiat  they  waro  aiuong  the  first  to 
acquire  an  intuitive  oonvjirtion  of  the  Aiioms  oF  tbeir  Suienee; 
the  oontreverttics  which  form  so  large  a  portion  of  tbe  history 
of  scionoo,  arise  From  tho  fitnigglca  between  the  clearsighted 
and  the  diniaighted,  between  those  who  wore  forwards  and 
thoHO  who  wcro  backwards  in  the  progross  of  ideas  ;  and  the^ 
controvoTflicB  have  very  often  ended  in  diffiising  generally  a 
clearncu  of  thought*  on  tho  eontroTortod  subjeet>  which  at  firstr 
the  few  only,  or  perhaps  not  even  they,  poflseased,  Tho  His- 
tory of  Science  conaista  of  the  Hiatory  of  Idea*,  ra  well  as  of 
the  History  nfEKperiBUDO  and  Observation,  The  latter  portion 
of  the  subject  formed  th«  principal  matter  of  my  Hilary  of 
the  Inductive  Sciences;  tho  former  occnpied  A  large  portion 
of  tho  Phitotaphy  of  tho  Inductive  Sciences;  which,  I  may 
perhaps  be  allowed  to  oxploin,  is^  for  tho  moat  part,  h 
Historical  Worh  do  lees  than  the  other;  and  wna  written, 
in  a  great  moDsuro,  at  the  same  time,  and  hota  the  sAme 
survey  oF  the  works  of  eaientiiiD  vmtera, 

I  am  aware  that  tho  osplanatioii  which  I  have  gi^en, 
may  naturally  provoke  tho  opponents  of  the  doctrine  of 
ftcientific  oDcesaity  to  repeat  their  ordinary  fundamental  ob- 
jections, iu  a  form  adapted  to  the  expreeraons  which  1  have 
us&d.  They  may  say,  the  fact^  that  theao  so  called  Axioms 
thus  booomo  evident  only  during  tho  progress  of  oipcriunoe. 


IS 


prov«  that  ihvj  &ro  U«nr^  from  experieaoe :  they  tta.j,  b 
r«|>]y  to  otir  imago,  say,  that  trutbA  arc  stuck  Into  iho  oiod 
by  experitftic^  m  seoda  arc  atuclc  into  the  ^roimd ;  aod  tiun 
lo  m&intMn  that  thc^  l-ui  grow  und^r  any  other  oomclitiook 
u  to  bold  Ibd^dtwlnnu  of  spODtaoooaa  generatioa,  wlucb  ii 
t>QUally  UDt«iialb  in  tlie  intollectoal  and  in  the  phjvcAl 
Mtirld  1  ahoU  not  hovovGr  here  rfflomc  tKe  g«a<?ra]  di» 
ciudoa :  but  bIuJI  oaly  vy  bn«Hy  in  reply,  that  AxMi&a, — 
For  uutance,  this  Axiom,  that  materiaJ  »ub»taao«  cannot  b« 
cre&ted  or  (umihiUtc^I  by  any  proceu  which  vo  can  apply, 
^-though  it  bocomes  evident  in  tho  progrefli  of  eipdriam. 
canncrt  bo  d^vod  from  cxporionoe;  for  it  is  a 
whidi  DdvoT  hu  boon  nor  can  bo  pruviKl  by  experi^nci^;  bu 
irfajcb,  n«vertheU!A0,  ban  been  always  sMumeil  by  men,  tsA- 
ing  for  general  truthef  aa  Draeraarily  true^  and  ae  oontroiling 
and  corrocting  all  poauble  e^pOTienoeH  And  with  regarl  to 
the  image  of  vegetable  devi>li>perui>Dt,  I  may  ^ay,  that  u 
0uoh  developcment  implim  both  inhort-nt  forma  in  the  liri 
flood,  and  nutriLivi^  powers  in  oarLh  and  air ;  bo  the 
lopement  of  our  acjcntifio  ideas  jmplks  both  a  loraolif* 
power,  and  matoHals  acted  on ;  Mid  that,  though  th«  aBafe0 
Tinist  be  very  dcfuctivei  wo  eoneoive  that  we  boflt  follow  il  by 
placing  the  fijrmativo  powt^  m  thv  living  mind,  and  in  thfl 
«xt43rha>  world  the  materlaJd  acted  on;  ivhib  tho  doetrint 
that  all  truth  id  donved  from  exporienoc  oDly.  A|ipeuv  la 
njoot  altogether  onu  of  theoo  «]cmenU,  or  to  ai 
to  bo  MM. 
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